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INTRODUCTION 

This  Survey  Scope  Study  is  a continuation  of  the  preliminary  work  performed 
under  the  Feasibility  Study  in  1971.  The  Cleveland-Akron  area  was  chosen  by 
the  Corps  of  Engineers  as  one  of  five  pilot  areas  in  which  to  develop  a waste- 
water  management  program.  Three  consulting  engineering  firms  have  been  selected 
to  work  with  the  Corps  in  developing  the  Cleveland-Akron  Survey  Scope  Study. 

This  report  covers  Phase  I of  the  study,  and  identifies  the  wastewater 
management  problem  with  respect  to  domestic  and  stormwater  runoff  wastewater 
as  it  exists  today  and  as  it  is  anticipated  to  exist  in  the  future. 

This  data  is  presented  by  items  as  described  in  Phase  I of  the  scope  of 
work.  This  Phase  I report  is  in  the  nature  of  a progress  report,  and  although 
the  data  presented  herein  is  complete,  it  is  subject  to  minor  modification  and 
correction  in  the  final  report. 
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A - MUNICIPAL  WASTRWATER 


I.  Demography  - Population  projections  have  recently  been  made  for  the 
Northeast  Ohio  Water  Development  Plan.  In  general,  this  data  provided  the 
source  of  population  figures,  which  have  been  reviewed  and  adjusted  in  a few 
areas.  The  1970  population  estimates  were  adjusted  to  the  1970  census  data, 
and  the  projections  were  made  by  the  same  percentage  increases  as  in  the  data 
source.  Several  areas  were  varied  from  the  data  source  to  more  closely  conform 
to  the  expectations  of  the  local  planners.  Specifically,  Medina  County  and 
the  central  Cuyahoga  Basin  were  adjusted  upwards  to  reflect  a higher  growth 
pattern  than  projected  in  the  NEOWD  Plan.  Table  A-1-2  lists  the  population 
projections  by  county,  city,  village,  and  townships  by  decade  through  the  year 
2020. 

The  population  projections  were  made  in  conjunction  with  the  land  use 
maps,  and  could  be  substantially  altered  in  the  future  by  a change  in  the 
growth  philosophy  of  the  local  governmental  bodies  affecting  land  use. 

The  1960-1970  population  change  in  Ohio  amounted  to  an  increase  of  9.7°o. 
This  entire  gain  was  due  to  natural  increase,  that  is,  the  difference  between 
births  and  deaths.  The  net  migration,  (the  difference  between  those  who 
moved  in  and  those  who  moved  out  of  Ohio)  between  1960  and  1970  was  a negative 
number,  meaning  that  more  people  moved  out  than  moved  in.  Whereas  Ohio  as  a 
whole  experienced  a net  increase  of  9.7%,  the  counties  in  the  study  area 
exhibited  a much  more  dramatic  change.  For  example.  Portage  County  increased 
in  population  by  37.1%,  making  it  the  most  rapidly  growing  county.  Geauga 
County  was  second  with  an  increase  of  32.7%;  Lake  County  was  third  with  on 
increase  of  32,6%  and  Medina  County  was  sixth  with  a growth  of  26.4%.  Cuyahoga 
and  Summit  Counties  had  growths  of  4.5%  and  7.6%  respectively.  Table  A-1-1 
tabulates  these  population  changes. 
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POPULATION  CHANGE  BY  COUNTY 


1 

(1960  - 1970) 

County 

1960 

1970 

u Gain 

i Cuyahoga 

1,647,895 

1,721,404 

4.5 

1 Geauga 

47,573 

63,125 

32.7 

V 

Lake 

148,700 

197,154 

32.6 

1 Lorain 

217,500 

256,843 

IS.l 

Medina 

I 

65,315 

82,583 

26.4 

1 Portage 

91,798 

125,868 

37.1 

1 Summit 

513,569 

552,498 

7.6 

1 

Ohio  (State) 

9,706,397 

10,652,017 

9.7 

1 

I 
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TABLE  A- 1-2 

CORPS  OF  ENGINEER'S  SURVEY  SCOPE  STUDY 
POPULATION  DATA 


1970* 

1980 

1990 

2000 

2010 

2020 

Cuyahoga  County 

1,721,404 

1,842,070 

2,192,050 

2,393,720 

2,519,800 

2,523,000 

Cities 

Bay 

18,163 

22,200 

24,000 

24,100 

24,200 

24,300 

Beachwood 

9,631 

12,600 

15,400 

17,400 

18,500 

18,600 

Bedford 

17,552 

20,500 

23,900 

26,401 

27,800 

27,800 

Bedford  Heights 

13,063 

19,200 

24,400 

28,100 

30,100 

30 , 300 

Berea 

22,396 

27,600 

33,000 

36,900 

39,100 

39,100 

Brecksvi 1 le 

9,137 

14,200 

18,200 

20,300 

22,100 

22,600 

Broadview  Heights 

11,463 

15,600 

19,300 

21,900 

23,400 

23,600 

Brooklyn 

13,142 

15,800 

18,700 

20,800 

21,900 

21 ,900 

Brook  Park 

30,774 

42,900 

54,100 

62,000 

66,400 

66,900 

Cleveland 

750,903 

738,900 

788,400 

833,100 

856,600 

846,000 

Cleveland  Heights 

60,767 

66,200 

74,200 

80,500 

83,900 

83,500 

East  Cleveland 

39,600 

44,100 

50,200 

54,900 

57,400 

57,200 

Euclid 

71,552 

84,500 

98,400 

108,700 

114,400 

114,500 

Fairview  Park 

21,681 

27,000 

32,200 

36,000 

38,000 

38,100 

Garfield  Heights 

41,417 

47,200 

54,200 

59,500 

62,400 

62,300 

Highland  Heights 

5,926 

8,300 

10,300 

11,800 

12,600 

12,700 

Independence 

7,034 

9,000 

12,000 

15,000 

18,000 

21,000 

Lakewood 

70,173 

79,300 

90,800 

99,500 

104,300 

104,000 

Lyndhurst 

19,749 

23,500 

27,500 

30,500 

32,100 

32,100 

Maple  Heights 

34,100 

39,100 

45,000 

49,400 

51,800 

51,700 

Mayfield  Heights 

22,139 

29,200 

35,800 

40,500 

43,100 

43,500 

Middleburg  Heights 

12,367 

16,500 

20,300 

23,000 

24,500 

24,600 

North  Olmsted 

34,861 

49,000 

61,500 

70,300 

75,200 

75,700 

North  Royal  ton 

12,807 

16,100 

19,300 

21,700 

23,000 

25,000 

Parma 

100,216 

120,000 

141,200 

156,800 

165,300 

165,400 

Parma  Heights 

27,192 

34,000 

41,200 

46,400 

49,400 

49,400 

Pepper  Pike 

5,933 

6,500 

8,100 

9,400 

10,900 

11,000 

Richmond  Heights 

9,220 

12,100 

14,900 

17,000 

18,100 

18,200 

Rocky  River 

22,958 

28,000 

33,200 

37,000 

39,100 

39,200 

Seven  Hills 

12,700 

18,300 

23,000 

26,300 

28,200 

28,400 

Shaker  Heights 

36 , 306 

39,800 

44,900 

48,800 

50,900 

50 , 700 

Solon 

11,519 

15,700 

19,500 

22,200 

23,600 

23,800 

South  Euclid 

29,579 

33,800 

38,800 

42,600 

44,600 

44,500 

Strongs vi 1 le 

15,182 

20,400 

25,300 

28,700 

30 ,600 

50,800 

University  Heights 

17,055 

18,000 

20 , 300 

22,000 

23,000 

22,800 

Warrensville  Heights 

18,925 

25,600 

31 ,600 

35,900 

38,300 

38,500 

Westlake 

15,686 

22,000 

29,000 

36,000 

44,000 

50,000 

Vi  1 lagcs 

Bent  leyvi lie 

338 

400 

400 

500 

500 

500 

Bratenahl 

1,613 

3,000 

5,000 

6,000 

7,000 

8,000 

Brooklyn  Heights 

1,527 

1,700 

1 ,900 

2,100 

2,200 

2,200 

Chagrin  Falls 

4,848 

6,200 

7,400 

8 , 300 

8 , 800 

8,900 

Cuyahoga  Heights 

866 

1 ,000 

1,100 

1 ,200 

1 ,200 

1 ,200 

•Actual  1970  Census  Data 
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POPULATION  DATA  (Cont'd.) 


Cuyahoga  County 
Villages  (Cont'd.) 

1970 

1980 

1990 

2000 

2010 

2020 

Gates  Mills 

2,378 

5,000 

3,700 

4,100 

4,400 

4,400 

Glenwi 1 low 

526 

600 

700 

700 

700 

700 

Hunting  Valley 

675 

1,200 

2,000 

2,400 

2,800 

3,200 

Linndale 

145 

200 

200 

200 

200 

200 

Mayfield 

3,550 

4,800 

5,900 

6,700 

7,200 

7,200 

Moreland  Hills 

3,000 

3,900 

4,500 

5,000 

5,300 

5 , .300 

Newburg  Heights 

3,396 

3,600 

4,100 

4,400 

4,600 

4,500 

North  Randall 

1,212 

1,600 

2,000 

2,300 

2,400 

2,500 

Oakwood 

3,127 

3,000 

3,300 

3,400 

3,500 

3,400 

Olmsted  Falls 

2,504 

3,000 

3 , 500 

3 , 800 

4,000 

4 ,000 

Orange 

2,112 

2 , 400 

2,800 

5,000 

5,200 

5,200 

Valley  View 

1,422 

2,000 

2,400 

3,000 

3,500 

4,000 

Walton  Hills 

2,508 

3,500 

4,200 

4,700 

5,200 

5,500 

West  View 

2,523 

3,500 

4,300 

4,900 

5,200 

5 , 300 

Woodmere 

976 

1,500 

1 ,900 

2,200 

2 ,400 

2,400 

Townships 


Chagrin  Falls 

84 

170 

250 

320 

400 

500 

Olmsted 

6,318 

5,800 

5,800 

6,000 

6 ,000 

6,000 

River  Edge 

632 

600 

600 

600 

600 

600 

Warrensville 

2,160 

2,000 

2,000 

2,000 

2,000 

2 ,000 

Geauga  County 

63,125 

90,300 

126,400 

166,900 

204,000 

230,600 

Villages 

Aqui 11a 

389 

600 

800 

1 ,000 

1 ,200 

1 ,400 

Burton 

1,214 

1,600 

2,000 

2,600 

5,100 

3,500 

Char don 

3,991 

5,500 

7,500 

9,800 

11,900 

1 5 , 500 

Hunting  Valley  (Part) 

124 

200 

300 

300 

400 

400 

Middlefield 

1,726 

2,500 

5 ,500 

4,500 

5 , 500 

6,200 

South  Russell 

2,673 

4,500 

6,800 

9,200 

1 1 ,400 

15,1 00 

Townships 

Auburn 

1 ,517 

2,300 

3,200 

4,200 

5,100 

5,800 

Bainbridgc 

7,038 

10,000 

14,500 

19,400 

2 3, '00 

26,800 

Burton 

2 , 366 

5,400 

4,800 

6,200 

7,t^00 

8,600 

Chardon 

5,180 

4,500 

6 , 500 

8,300 

10,200 

11  ,500 

Chester 

10,400 

14,800 

20,500 

27,100 

33,000 

57,300 

C lari don 

2,124 

3,000 

4,200 

5,600 

6 , 800 

7,700 

Hambden 

2 , 500 

3,500 

4,900 

6 , 500 

8,000 

9,000 

lluntsburg 

1,792 

2,600 

3 ,600 

4 , 700 

5 , 800 

6,500 

Middlefield 

2,758 

3,900 

5,400 

7,200 

8,800 

9,900 

Montvi 1 Ic 

1 ,.307 

1 ,900 

2,600 

.3,400 

4,200 

4, '00 

Munson 

3,569 

5,100 

7,100 

9,400 

1 1 ,500 

12 ,900 

Newbury 

4,058 

5 , 700 

8,000 

10,600 

1 2 , 900 

14 ,000 
A5 
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Geauga  County 

1970 

1980 

1990 

2000 

2010 

2020 

Townships  (Cont'd.) 

Parkman 

2,084 

3,000 

4,200 

5,500 

6 , 700 

7,600 

Russel  1 

4,669 

6 , 700 

9,300 

12,300 

15,000 

17,000 

Thompson 

1 , 834 

2,600 

3,600 

4,800 

5,900 

6 ,600 

Troy 

1,652 

2,400 

3 , 300 

4,500 

5 , 300 

b,000 

Lake  County 

197,154 

268,600 

369,200 

464,100 

547,100 

600,300 

Cities 

Eastlake 

19,690 

26,600 

41,800 

53,600 

63,800 

70,400 

Mentor 

36,900 

56 , 300 

80,400 

103,500 

123,600 

1 36,600 

Mentor-on- the- Lake 

6,517 

10,500 

15,400 

20,000 

24,000 

26 , 500 

Painesvil le 

16,536 

19,300 

23,900 

28,700 

33,000 

35 , 800 

Wickli ffe 

21,354 

29,400 

40,000 

50,500 

59,600 

65,500 

Wi 1 loughby 

18,634 

24 , 700 

32,900 

41,000 

48,200 

52,800 

Wi 1 lowick 

21,237 

26,900 

34,800 

49,800 

49,900 

54  ,500 

Vi  1 lages 

Fairport  Harbor 

3,665 

3,700 

4,100 

4,600 

5,100 

5,400 

Grand  River 

615 

800 

1,100 

1,400 

1,700 

1 ,800 

kirtland 

5,530 

7,200 

9,500 

11,700 

15,700 

15 ,000 

Kirtland  Hills 

452 

600 

800 

1 ,000 

1,200 

1 , 300 

Lakeline 

223 

300 

400 

500 

600 

'00 

Madison 

1 ,678 

2,300 

5,000 

3,800 

4,400 

4 ,900 

North  Perry 

851 

1 ,200 

1 ,600 

2,000 

2,500 

2,500 

Perry 

917 

1 , 300 

1,700 

2,100 

2,500 

2 , 700 

Timbcrl ake 

9('4 

1 , 300 

1,800 

O 

o 

2,600 

2,900 

Waite  Hi  lie 

514 

700 

1 ,000 

1 ,200 

1 ,400 

1 ,500 

Willoughby  Hills 

5,247 

7,000 

9,400 

11,700 

1 3 , 800 

15,100 

Townships 

Concord 

5,948 

8,100 

11,000 

13,700 

16,000 

17,400 

Leroy 

1 , 759 

2,400 

3,200 

4,000 

4 , 700 

5,100 

Madison 

12,455 

Id,  900 

22,900 

28,600 

33,400 

3d , 500 

Painesvi 1 Ic 

lO.S'O 

1 4 , 800 

20,000 

24 ,900 

29,200 

31 ,800 

Perry 

l.dOO 

d , 300 

8,500 

10,600 

12,400 

13,d00 

I,orain  County 

',003 

',500 

8,000 

8 , 500 

8,400 

8,200 

Townships 

Columbia 

5, '38 

6,100 

6 ,6 00 

d , 800 

d,900 

(' , 700 

Grafton 

1 ,2(>5 

1 ,400 

1 ,400 

1 .500 

1 ,500 

1 .500 

Ad 


POPULATION  DATA  (Cont’d.) 


1970 

1980 

1990 

2000 

2010 

2020 

Medina  County 

82,583 

120,700 

161 ,400 

195,400 

228,400 

256,100 

Cities 

Brunswick 

15,852 

30,000 

38,000 

42,000 

48,000 

56,000 

Chippewa- on -the -Lake 

341 

500 

600 

800 

900 

1 ,000 

Medina 

10,828 

15,800 

21,700 

27,600 

32,600 

56  ,400 

Wadsworth 

13, 142 

17,600 

23,500 

29,500 

34,900 

38,600 

Villages 

Briarwood  Beach 

508 

700 

900 

1,100 

1,400 

1 ,500 

Gloria  Glens 

332 

500 

600 

800 

900 

1 ,000 

Leroy 

715 

1,000 

1,300 

1,700 

2,000 

2 ,200 

Lodi 

2,399 

2,900 

3,600 

4,400 

5,100 

5,600 

Seville 

1,400 

1,700 

2,300 

2,800 

3,300 

3,700 

Spencer 

758 

1 ,000 

1,400 

1,800 

2 ,100 

2,300 

Townships 

Brunswick  Hills 

2,293 

5,200 

4,100 

5,000 

5,900 

6,500 

Chatman 

1,258 

1,600 

2,200 

2,700 

3,200 

3,600 

Granger 

2,142 

2,700 

3,700 

4,700 

5,500 

6,100 

Guilford 

2,028 

2,600 

3,500 

4,400 

5,200 

5,700 

Harrisville 

1,122 

1,400 

1 ,900 

2,400 

2,900 

3,200 

Hinckley 

4,210 

5,300 

7,300 

9,200 

10,900 

12,000 

Homer 

845 

1,100 

1,500 

1,800 

2,200 

2,400 

Lafayette 

2,465 

3,100 

4,300 

5,400 

6 , 300 

7,000 

Litchfield 

1,332 

1,700 

2,300 

2,900 

3,400 

3,800 

Liverpool 

2,826 

4,200 

6,900 

7,800 

8,600 

9,200 

Medina 

2,445 

4,000 

5,300 

6,400 

7,500 

9,000 

Montville 

2,497 

4,000 

5,400 

6,400 

7,400 

8,400 

Sharon 

2,764 

3,500 

4,800 

6,000 

7,100 

7,800 

Spencer 

728 

900 

1,300 

1,600 

1 ,900 

2,100 

Wadsworth 

4,371 

5,600 

7,500 

9,500 

11,200 

12,300 

Westfield 

1,253 

1 ,600 

2,200 

2,700 

3,200 

5,500 

York 

1,729 

2,500 

3,300 

4,000 

4,800 

5,200 

Portage  County 

123,078 

166,400 

221,600 

279,800 

326 , 800 

357,600 

Cities 

Garrettsvi 1 le 

1,718 

2,000 

2,400 

2 ,900 

5,400 

5,700 

Kent 

28,183 

40,800 

56,100 

71,900 

85,100 

93 , 700 

Ravenna 

11,800 

14,000 

17,300 

20,900 

24,100 

26,100 

Vil lages 

Aurora 

6,549 

9,700 

13,400 

17,200 

20,400 

22,500 

Brady  Lake 

450 

600 

800 

1 ,000 

1 ,200 

1 , 300 

Hi  ram 

1 ,484 

2,100 

2,900 

3 , 700 

4,300 

4 , 800 

POPULATION  DATA  (Cont'd.) 


Portage  County 

1970 

1980 

1990 

2000 

2010 

2020 

V'illages  (Cont'd.) 

Mantua 

1,199 

1 ,400 

1 ,600 

1 ,900 

2,200 

2,400 

Mogadore  (Part) 

651 

900 

1 ,200 

1 ,500 

1,700 

1 ,900 

Streetsboro 

7,966 

10,000 

13,100 

16,500 

19,300 

21 ,200 

Sugar  Bush  Knolls 

119 

200 

200 

300 

300 

300 

Windham 

3,360 

3,100 

3 , 300 

3,600 

3,900 

4 , 100 

Townships 

Atwater 

2,408 

3 , 300 

4,400 

5,600 

6,500 

7,100 

Brimfield 

6,721 

9,200 

12,300 

15,500 

18,200 

19,800 

Charlestown 

864 

1 ,200 

1 ,600 

2 ,000 

2,300 

2 ,600 

Deerfield 

2,175 

3,000 

4,000 

5,000 

5,900 

6,400 

Edinburg 

1,563 

2,100 

2,900 

3 , 600 

4,200 

4,600 

Franklin 

5.839 

8,000 

10,700 

13,500 

15,800 

17,200 

Freedom 

1 ,649 

2,300 

3,000 

3,800 

4,500 

4,900 

Hiram 

1,400 

1 ,900 

2,600 

3,200 

3,800 

4,100 

Mantua 

1,199 

1,600 

2,200 

2,800 

3,200 

3 , 500 

Nelson 

1,839 

2,500 

3,400 

4,300 

5,000 

5,400 

Palmyra 

1,717 

2,400 

3,200 

4,000 

4,600 

5,100 

Paris 

1 ,400 

1,900 

2,500 

3,100 

3,700 

4,000 

Randolph 

4,150 

5,700 

7,600 

9,600 

11,200 

12,200 

Ravenna 

8,836 

12,100 

16,200 

20,400 

23,900 

26,100 

Root St own 

6,010 

8,200 

11,000 

13,900 

16,200 

17,700 

Shalersville 

4,967 

6,800 

9,100 

11,500 

13,400 

14,700 

Suffield 

5,799 

7,900 

10,600 

13,400 

15,600 

17,100 

Windham 

1,063 

1,500 

2,000 

2,500 

2,900 

5,100 

Summit  County 

552,498 

640,800 

737,700 

814,900 

860,300 

875 , 500 

Cities 

Akron 

275,425 

295,200 

321,200 

347 ,000 

361 ,100 

562,800 

Barberton 

33,052 

36,200 

40,100 

43,600 

45,500 

45,800 

Cuyahoga  Falls 

49,678 

55,900 

63,000 

69,100 

72,400 

73,000 

Munroe  Falls 

3,794 

5,500 

6,800 

7,900 

8,400 

8,600 

Norton 

12,308 

14,400 

16,500 

18,300 

19,300 

19,500 

Stow 

19,847 

26,700 

32,600 

57,100 

39,600 

40,400 

Tal Imadge 

15,274 

19,800 

23,900 

27,000 

28,800 

29,200 

Villages 

Boston  Heights 

846 

1 ,000 

1,100 

1 ,200 

1 , .300 

1 , .300 

Clinton 

1 ,335 

1 , 700 

2,100 

2 ,400 

2 ,500 

2 ,600 

Fair lawn 

6,102 

8,600 

10,700 

12,300 

13,100 

1.3,400 

Hudson 

3,933 

5,500 

7,100 

8,700 

8,100 

10,000 

Lakemore 

2,708 

3,000 

3 , 300 

5,600 

5,800 

3 , 800 

Macedonia 

6,375 

8,500 

10,300 

1 1 , 700 

12,500 

12,-00 

Mogadore  (Part) 

3,20  7 

3,100 

3,200 

3,400 

3,500 

.3 . 500 

Northfie  Id 

3,870 

4,100 

4,500 

5,000 

5,600 

(1,200 

AS 


POPULATION  DATA  (Cont'd.) 


I 

I 


Summit  County 

1970 

1980 

1990 

2000 

2010 

2020 

Villages  (Cont'd.) 

Peninsula 

692 

800 

900 

1,000 

1 ,000 

1 ,000 

Richfield 

3,228 

6,000 

9,000 

9,500 

10,200 

11,000 

Remindervil le 

215 

4,000 

6,000 

8,000 

10,000 

10,000 

Silver  Lake 

3,637 

4,000 

4,200 

4,400 

4,400 

4,400 

TV'insburg 

6,432 

8,600 

10,400 

11 ,900 

12,700 

12,900 

Townships 

Bath 

7,552 

9,400 

11,100 

12,500 

13,200 

13,400 

Boston 

1,504 

1 ,900 

2,200 

2,500 

2,600 

2 ,:’oo 

Copley 

8,633 

10.800 

12,700 

14,300 

15,100 

15,300 

Coventry 

13,429 

16,800 

19,800 

22,200 

23,500 

25,700 

Franklin 

15,114 

18,900 

22,300 

25,000 

26,500 

26,700 

Green 

13,473 

16,800 

19,900 

22,300 

23,600 

23,800 

Hudson 

4,462 

6,500 

7,300 

7,800 

8,600 

9,100 

Northampton 

5,662 

7,100 

8,400 

9,400 

10,000 

10,100 

Northfield  Center 

3,950 

7,000 

11,000 

13,000 

15,000 

17,000 

Richfield 

1,715 

2,000 

3,000 

4,500 

5,200 

7,000 

Sagamore  Hills 

6,710 

10,000 

13,000 

18,000 

21  ,000 

22,000 

Springfield 

16,921 

21,200 

25,000 

28,000 

29,600 

29,900 

Twinsburg 

1,415 

1,800 

2,100 

2 ,300 

2,500 

2,500 

2.  Land  Use  - A composite  land  use  map  has  been  prepared  usinp  the  land 
use  projections  of  the  local  planning  agencies.  Certain  modifications  have 
been  made  to  reflect  current  land  use  policies  and  proposed  changes.  The  his 
tory  of  land  use  planning  in  Northeast  Ohio  has  not  been  one  of  widespread 
success.  Too  often  land  use  and  zoning  policies  have  been  changed  to  accomo- 
date development  with  little  or  no  thought  being  given  to  long  term  effects 
or  aesthetics.  Until  such  time  as  land  use  planning  is  made  more  effective, 
it  will  be  subject  to  incidental  changes  and  s]iot  zoning,  and  can  onl\’  be  con 
sidered  a desirable  concept  of  long  term  development.  Because  of  this  uncer- 
tainty, the  composite  land  use  plan  shown  herein  categorizes  onl\-  industrial- 
commercial,  residential,  agricultural,  open  space  and  low  density  residential 

Figure  A-2-1  shows  the  land  use  concept  for  the  study  area. 

The  plan  shown  is  the  land  use  concept  for  both  1990  and  2020,  with  the 
major  difference  being  in  the  population  densities.  The  residential  areas 
would  approach  the  upper  limit  of  the  density  range  as  the  end  of  the  time 
frame  approaches.  Using  the  land  use  map  and  associated  densities  of  popula- 
tion, the  land  use  plan  will  accommodate  the  projected  2020  population. 
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.university 


LEGEND 

— RESIDENTIAL  AREA  C^REATER  THAN  4 PERSONS  PER  ACRE) 

— RESIDENTIAL -LOW  DENSITY  AREA-  (LESS  THAN  4 PERSONS  PER  ACRE) 

— RURAL  - AGRICULTURE 

— OPEN  SPACE,  RECREATION 

— INDUSTRIAL  i commercial  SCAi 


HAVENS  AND  EMERSON,  LTD. 


I D O 


FIGURE-A-2-1 
SURVEY  SCOPE  STUDY 

WASTE  WATER  MANAGEMENT  PROGRAM 

CLEVELAND-AKRON  METROPOLITAN 
AND 

THREE  RIVERS  WATERSHED  AREAS 


U S.  army  engineer  district,  buffalo 

LAND  USE 


3.  Existing  Wastewater  Treatment  Plants  - The  existing  publically  owned 


and  larger  private  plants,  (larger  than  20,000  gpd) , have  been  tabulated 
and  are  shown  on  Table  A-3-1.  This  tabulation  is  an  updating  of  the  one 

given  in  the  Feasibility  Report.  For  most  plants,  operating  data  for  1971  was 
available  from  the  Ohio  Department  of  Health.  In  cases  where  it  was  not,  1970 
data  was  used.  Operating  data  reported  for  most  plants  consist  of  BOD, 
suspended  solids  and  flow.  Several  of  the  small  plants  do  not  collect  any 
operating  data.  Some  plants  do  not  have  meters  to  measure  the  flow.  Many 
of  the  larger  plants  run  additional  analyses  beyond  the  required  ROD 
and  suspended  solids. 

Treatment  costs  are  included  in  the  reports  by  some  of  the  plants;  however, 

I they  must  be  used  cautiously  since  the  methods  of  cost  accounting  for  the  plants 

I 

are  not  uniform. 

I 

I . The  design  capacity  and  type  of  treatment  provided  has  also  been 

j tabulated,  along  with  current  plans  for  either  expansion  or  abandonment. 

When  cost  for  these  plans  are  available,  they  are  also  listed. 


I 

t 
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TABLE  A-3-1 


OPERATING  DATA 

AND  WASTEWATER 

CHARACTERISTICS 

WASTEWATER 

TREATMENT 

PLANTS  IN  THE 

CL'YAHaiA  RIVER 

Wastewater 

Cha racteristics 

9 

Municipality  or 
Sewer  District 

Raw 

Suspended  5*Day  BOD 

Solids,  nuc/1  idr/L 

Effluent 

Suspended  3-Day  BOD 

Solids,  mg/l  mg/l 

Year 

Treatment  i 

Efficiency 
S . S . 7.  BODZ 

CuvahoKa  County 

Bedford 

149 

246 

9.9 

24 

1970 

947. 

901 

Bedford  Heights 

214 

138 

125 

67 

1970 

427. 

5U 

Cleveland  Easterly 

131.8 

126.7 

39.8 

25.8 

1971 

707. 

801 

Cleveland  Southerly 

298.3 

200.4 

29.5 

17.5 

1971 

90Z 

91% 

Cleveland  Westerly 

196 

472 

140 

170 

1971 

297. 

64% 

Euclid 

207 

248 

71 

127 

1971 

667. 

49% 

Maple  Heights 

188 

165 

9 

19.3 

1971 

957. 

88% 

Solon  - Central  Area 

296 

324 

154 

67.2 

1970 

487. 

79%  i 

S.D.  #1  - Parma  (Woodbury  Hills) 

263 

317 

25 

40 

1971 

90.57. 

87.4% 

S.D.  #2  - Shar-Bon  (Seven  Hills) 

297 

301 

35 

32 

1971 

88.27. 

89.4% 

S.D,  #3  - Richmond  Heights 
(Scottish  Highlands) 

211 

199 

23 

15 

1971 

89.17. 

92.5% 

S.D.  #13  - Broadview  Heights 
(Bramblewood  Subd. ) 

241 

294 

45 

53 

1971 

81.37. 

82.0% 

S.D,  #13  - Brecksville 

195 

201 

16 

18 

1971 

91.87. 

91.0% 

S.D.  #13  - Brecksville 
(South  Estates) 

322 

322 

16 

30 

1971 

95.07. 

90.7% 

S.D.  #13  - Walton  Hills 

369 

230 

135 

63 

1971 

63.47. 

72.6% 

Cloverleaf  Hilltop,  Inc. 

143 

9 

1969 

94% 

Pleasant  Valley  Shopping  Center 

No 

Data  Available 

Seneca  Club  Apartments 

So 

Data  Available 

Ceausa  County 

Burton  City  Plant 

No 

Data  Available 

Broadvood  Hills 

254 

345 

38.8 

29 

1970 

857. 

92% 

Middlefield 

No 

Data  Available 

Middlefield  Trailer  Park 

No 

Data  Available 

Geauga  Coriinunlty  Hospital 

No 

Data  Available 

Jacques  Mobile  Home  Park 

No 

Data  Available 

Plymouth  Acres  - Claridon  S.D.  1 

45 

86 

11 

10 

1970 

761 

88% 

Punderson  State  Park 


No  Data  Available 


TABLE  A- 3-1 


OPERATING  DATA 

ANL  WASTEWATER 

CHARACTERISTICS 

WASTEWATER  TREATMENT 

PLANTS  IN  THE 

cl'Yaho(;a  river 

BAS  I N 

Karacterlstlc^ 

Effluent 

Suspended  3-Day  BOD 

Solids,  mg/l  mg/l 

Year 

Treatment 
Efficiency 
S.S.7.  B0D7. 

9.9 

24 

1970 

947. 

907. 

125 

67 

1970 

427. 

517. 

39.8 

25.8 

1971 

707. 

80% 

29.5 

17.5 

1971 

9071 

917. 

140 

170 

1971 

297. 

647. 

71 

127 

1971 

667. 

497. 

9 

19.3 

1971 

957. 

887. 

154 

67.2 

1970 

487. 

797. 

25 

40 

1971 

90.57. 

87.47. 

35 

32 

1971 

88.27. 

89.47. 

23 

15 

1971 

89.17. 

92.57. 

45 

53 

1971 

81.37. 

82.07. 

16 

18 

1971 

91.87. 

91.07. 

16 

30 

1971 

95.07. 

90.77. 

135 

63 

1971 

63.47. 

72.67. 

9 

1969 

947. 

38.8 

29 

1970 

857. 

92% 

11 

10 

1970 

76% 

887. 

1 

Hydraulic  Loading  Cost  of  Treatment  ; 

Current  Flow,  mgd  $/mg \ 

2.91 

1.59 

119.3 

84.6 

35.3 

16.20 

0.761  $241.20 

1.697 

0.1337 

0.054 

0.082 

.0188 

1.236 

0.0331 

0.294 
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OPERATING  DATA 

AND  WASTEWATER 

CHARACTERISTICS  1 

WASTEWATER  TREATMENT 

PLANTS  IN  THE 

CUYAHOGA  RIVER  II 

Wastewater 

Characteristics 

^^nlclpallty  or 

Raw 

Suspended  5-Day  BOD 

Effluent 

Suspended  5-Day  BOD 

Treatnent 

Ef ficiene 

Sever  Dtitrlct  . Solids. 

mg/1 

n«/l 

Solids.  dik/1 

n«/l 

Year 

S.S.7.  B 

Medina  County 

Granger  l^ke  Apartaents 

No 

Data  Available 

Portaac  Countv 

Aurora  Plant  #2  - Geauga  Lake 

178 

149 

16.2 

13.5 

1970 

917.  i 

Aurora  Plant  #3  - Four-Seasons 
Subd. 

187 

246 

29 

29 

1970 

841  1 

Kent 

218 

206 

25 

17 

1971 

89%  > 

Mantua 

128 

140 

7 

8.5 

1971 

95%  1 

Ravenaa 

194 

136 

14 

15.9 

1971 

93%  1 

Aurora  Acres  S.D. 

188 

282 

16 

13.2 

1971 

91% 

Brlafleld  S.D.  #1  (Beechcrest) 

117 

141 

8 

2.5 

1971 

93%  ! 

Brlsificld  S.D.  #3  (Holiday  Inn) 

114 

128 

10 

3.4 

1971 

91%  ) 

Field  Local  School  District 

No 

Data  Available 

Franklin  S.D.  #l 

71 

127 

11 

10.7 

1971 

84%  ' 

Franklin  S.D.  #3 

102 

246 

13 

6 

1969 

87%  9: 

Gllle  Estates  S.D. 

203 

256 

8 

3.9 

1971 

96%  ( 

Kent  Rhodes  Apartments 

No 

Data  Available 

Randolph  Trailer  Park 

54 

222 

5.4 

3.2 

1971 

90%  1 

Ravenna  S.D.  #1  - Lakevlev  Gardens 

98 

166 

14 

9.5 

1971 

86%  ! 

Ravenna  S.D.  #4  - Longfield 

61 

153 

6 

1.3 

1971 

90%  1 

Rootstovn  S.D.  #1  - Baronwood 

102 

207 

9 

10.1 

1971 

91% 

Shalersvllle  S.D.  #1  - Red  Fox 

227 

397 

6 

2.6 

1971 

97%  ( 

Shalersvllle  S.D.  #2  - Boling  Brook 

204 

277 

11 

8.1 

1971 

95%  1 

Strcetsboro  S.D,  R2  • Arrowhead 

157 

244 

10 

8.4 

1969 

93.6%  « 

Streetsboro  S.D.  #3  * Rolling  Hills 

170 

235 

9 

5.5 

1971 

95%  1 

Valley  Hills  Trailer  Park 

120 

232 

12 

7.1 

1971 

90%  ) 

Sandy  Lakes 

116 

169 

11 

4.2 

1971 

91%  ! 

Twin  Lakes 

No 

Data  Available 

I 


OPERATING  DATA  AND  WASTEWATER  CHARACTERISTICS 
WASTEWATER  TREATMENT  PLANTS  IN  THE  CUYAHOGA  RIVER  BASIN 


cerlsclcs 

Effluent 

tspended  3-Day  BOO 

ids.  aut/l  m&/l 

Year 

Treatment 
Efficiency 
S.S.7.  BOD7. 

Hydraulic  LoadinR 
Current  Flow,  mgd 

Cost  of  Treatment 
$/n« 

16.2 

13.5 

1970 

917. 

91% 

0.118 

29 

29 

1970 

84Z 

88% 

0.120 

25 

17 

1971 

897. 

92% 

2.830 

7 

8.5 

1971 

957. 

94% 

0.214 

$108.00 

14 

15.9 

1971 

93% 

88% 

1.204 

$118.20 

16 

13.2 

1971 

917. 

95% 

.066 

$477.36 

8 

2.5 

1971 

93% 

98% 

0.1886 

$228.65 

10 

3.4 

1971 

91% 

97% 

0.034 

$369.61 

11 

10.7 

1971 

84% 

92% 

.087 

$305.64 

13 

6 

1969 

87% 

97.5% 

8 

3.9 

1971 

96% 

98% 

0.2404 

$383.58 

5.4 

3.2 

1971 

90% 

99% 

14 

9.5 

1971 

86% 

947. 

0.0379 

$440.46 

6 

1.3 

1971 

90% 

99% 

.004 

9 

10.1 

1971 

91% 

957. 

0.0526 

$472.44 

6 

2.6 

1971 

97% 

99% 

0.062 

$891.93 

11 

8.1 

1971 

95% 

977. 

0. 1043 

$289.27 

10 

8.4 

1969 

93.67. 

96.7% 

9 

5.5 

1971 

957. 

987. 

0.0677 

$377.14 

12 

7.1 

1971 

907. 

977. 

.567 

$411.00 

11 

4.2 

1971 

917. 

98% 

.033 

$609.59 

AM 
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OPERATING  DATA 

AND  WASTEWATER 

CHARACTERISTICS 

wastewater  TREATMLNI 

PLANTS  IS  THE 

CUYAHOGA  RIVER 

BASIN 

Wastewater 

Characterise ics 

Municipal Icy  or 
Sewer  District 

Raw 

Suspended  3-Day  BOD 

Solids.  n«/l  mg/ 1 

Effluent 

Suspended  5-Day  BOD 

Solids.  :ag/l  mg/l 

Year 

Treatment 
Efficiency 
S.S.%  BOD7. 

SuxudIc  CounCv 

Akron 

244 

152 

41 

25 

1971 

837. 

84 

Hudson  (Village) 

180 

252 

24 

41 

1970 

877. 

847. 

Northf leld 

178 

231 

41 

39 

1971 

777. 

83%  ' 

Tallmadge 

158 

367 

4 

8 

1969 

97.57. 

97.8% 

Tvlnsburg 

227 

217 

32 

27 

1970 

867. 

887. 

S.D.  #1  - Roseland  Estates 

112 

146 

14 

25.4 

1971 

877. 

837. 

S.D.  #5  - Hudson 

133 

149 

11 

6.9 

1971 

927. 

957.  ■ 

S.D.  #6  - General  Motors 

154 

164 

73 

54.5 

1971 

527. 

677. 

S.D.  #7  “ Nagy  Park  Estates 

108 

207 

9 

5 

1971 

927. 

98% 

S.D.  #9  * Macedonia  Estates 

185 

185 

24 

26.3 

1971 

877. 

86% 

S.D.  #14  - Renee  Estate 

173 

182 

9 

3.7 

1971 

957. 

98% 

S.D,  #15  - Northf leld-Macedonia 

166 

150 

12 

14.7 

1971 

92.77. 

90.27. 

S.D.  #17  - Conn.  Colonys  Allot. 

208 

222 

17 

13.2 

1971 

917. 

94% 

Greenwood  of  Sagamore  Hills 

183 

165 

23 

21.6 

1971 

87.47. 

86.87. 

Havthornden  State  Hospital 

No  Data  Available 

Musical  Arts  Assoc. 
(Blossom  Music  Center) 

No  Data  Available 

Ohio  21-Coto. 

No  Data  Available 

Revere  Local  School  District 

No  Data  Available 

Stow-Kent  Assoc. 

No  Data  Available 

Click  Store  #21 

15 

5 75.4 

1971 

K-Mart  #22 

190 

420 

41 

13.1 

1971 

78.57. 

96.97. 

OPERATING  DATA  AND  WASTEWATER  CHAR.\CTERISTICS 
WASTEWATER  TREATMENT  PLANTS  IN  T?iK  ROCKY  RIVER  BA:iK; 


Wastewater  Characteristics 


Raw 


Municipality  or 
Sewer  District 

Suspended 
Solids.  mR/1 

5-Day  BOD 
mg/1 

CuyahoRa  County 

Berea 

207 

200 

Brookpark 

203 

230 

Lakewood 

124 

127 

North  Olmsted 

190 

177 

North  Royalton  - Area  ”A" 

181 

208 

North  Royalton  - Area  "B" 

137 

207 

Strongsville  - Area  "A" 

173 

168 

Strongsville  - Area  "B” 

141 

173 

Strongsville  - Area  "C" 

150 

186 

S.D,  #6  - Rocky  River 

161 

178 

S.D,  #8  - Middleburg  Heights 

175 

148 

S.D.  #14  - Brentwood  Estates 

157 

145 

Lakewood  Country  Club 

No 

Data  Available 

Olmsted  Falls  School  District 

No 

Data  Available 

Medina  County 

Medina 

247 

267 

S.D.  #7  - Colony  Park 

233 

202 

S.D.  #8  - Beverly  Hills 

154 

130 

S.D,  #9  - Hinckley  Lake 

No 

Data  Available 

S.D.  #11  - Village  Homes 

No 

Data  Available 

S.D.  #100  - Medina  County 

241 

175 

S.D.  #500  - Liverpool 

268 

137 

Effluent 

Treatment 

Suspended 

5-Dav  BOD 

E f f ic  lency 

>olidsi  mg/l 

mg/l 

Year 

S . S . 7. 

B0D7. 

18 

18 

1971 

917. 

91% 

11. 1 

6.3 

1971 

957. 

977. 

20 

11 

1971 

847. 

917. 

9 

9 

1970 

947. 

93% 

12 

3 

1971 

93.  57. 

98.5% 

12 

5 

1971 

917. 

97.5% 

9 

6 

1971 

957. 

96% 

6.4 

4 

1971 

957. 

98% 

9 

6 

1971 

94X 

977. 

81 

121.0 

1971 

49.651 

32.0% 

17 

9.9 

1971 

90.3% 

93.3% 

13.3 

7.4 

1971 

9 1 . 57. 

94.8% 

80 

60 

1971 

67.67. 

77.57. 

16 

10.5 

1971 

937. 

957. 

16 

10.6 

1971 

907. 

927. 

18 

14 

1971 

9 37. 

9 2% 

27 

8.3 

1971 

90% 

947. 

OPERATING  DATA  AND  WASTEVATER  CHAR.ACTERISTICS 
WASTEWATER  TREAl-MENT  PLAMo  IN  THE  RUCKY  RIVEK  BASIN 


Effluent 

Suspended  5-Day  BOD 

Solldsi  Bg/I  nR ^ 1 


Treactoent 
Efficiency 
S.S.%  &ODX 


18 

18 

1971 

917. 

917. 

1.726 

11. 1 

6.3 

1971 

957. 

977. 

0.784 

20 

11 

1971 

847. 

917. 

16.70 

9 

9 

1970 

947. 

937. 

3.68 

12 

3 

1971 

93.57. 

98.  57. 

0.228 

12 

5 

1971 

917. 

97.57. 

0.301 

9 

6 

1971 

9 57. 

967. 

0.797 

6,4 

4 

1971 

957. 

987. 

0. 177 

9 

6 

1971 

947, 

977. 

0.092 

81 

121.0 

1971 

49.67. 

32.07. 

7.097 

17 

9.9 

1971 

90.  n 

93.37. 

1.167 

13.3 

7.4 

1971 

91.57, 

94.87. 

0.0263 

$158.41 
$ 55.89 


80 

60 

1971 

67.67. 

77.57. 

16 

10.5 

1971 

937. 

957. 

16 

10.6 

1971 

907. 

927. 

18 

14 

1971 

937. 

927. 

27 

8.3 

1971 

90”’. 

947. 

1.47 

.096 


.871 

,-»88 
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OPERATING  DATA  ANT)  WASTEWATER  CHARACTERISTICS 
WASTEWATER  TREATMENl  PIANTS  IN  Itgl  CHAGRIN  RUT:R  BASIN' 


Municipality  or 
Sewer  District 

Cuyahoga  County 

Chagrin  Falls 

Pepper  Pike  - Creek  Side 

Pepper  Pike  - Pepper  Hills 

Hickory  Hills  - Mayfield  Heights 

Solon  - N.  & N.E.  Area 

Apple  Hill  Town  House  Corp. 
(Moreland  Hills) 

Country  Club,  Inc. 

Uoodbran  Corp. 

Geauga  County 

S.D.  #2  - Chester  Twp. 

(Willow  Hills  Estate) 

S.D.  #1  - Balnbrldge  Twp. 
(Pilgrim  Village  Subd.) 

Chagrin  River  S.D. 

Russell  Park 

Wenhaven 

Opalacka 

McFarland  Creek  S.D. 

South  Russell 
Ravenwood 
Tanglewood 
Knowles  Indus.  Park 

Newbury  Local  School 

Silver  Creek  School  District 

West  Geauga  Local  School 

Belle  Vernon  Acres 

Wilder  Mobile  Home  Park 

Scarsdale  Estates 

Notre  Dame  Educ.  Center 


Suspended 

Wastewater 

Raw 

5-Day  BOD 

Characteristics 

Effluent 

Suspended  5-Day  BOD 

Treatment 

Efficiency 

Solids,  mg 

/I  mg/ 1 

Solids,  mg/1 

ag/1 

Year 

S.S.7. 

BOD7. 

134 

178 

18 

13 

1970 

87% 

937. 

150 

116 

11 

6 

1971 

92.77. 

94.87. 

153 

132 

17 

9 

1971 

88.97. 

93.27, 

368 

263 

46 

20 

1971 

87.57, 

92.47. 

135 

130 

6 

8 

1971 

95.57. 

93.87. 

215 

No  Data  Available 
No  Data  Available 
200 

19 

9 

1969 

897, 

96% 

265 

266 

13.7 

13,7 

1970 

91% 

95% 

219 

278 

58 

50 

1970 

747. 

827. 

71 

138 

10.9 

4.4 

1970 

857. 

977. 

106 

131 

10.3 

10,6 

1970 

907. 

927. 

153 

190 

40 

27 

1970 

747. 

86% 

176 

280 

22 

17 

1970 

887. 

94% 

276 

285 

24 

21 

1970 

917. 

937. 

91 

171 

22 

20.6 

1970 

707. 

95% 

No 

Data 

Aval lable 

No 

Data 

Available 

No 

Data 

Available 

No 

Data 

Available 

80 

95 

6.6 

3.4 

1970 

927. 

96’- 

No 

Data 

Available 

207 

210 

10.2 

6.2 

1970 

95% 

97’ 

No 

Data 

Aval  lab le 

167 

130 

73 

92 

1971 

56% 

29% 

Wl 1 loughby-Eas t lake 

Willoughby  Hills 
(Dodd's  Hill  Subd.) 


No  Data  Available 


OPERATING  DATA  ANT)  WASTEWATER  CHARACTERISTICS 
WASTEWATER  TREATMEOT  PLANTS  IN  THE  CHAGRIN  RIVTiR  BASIN 


I 


h 


Characteristics 

Effluent 

Suspended  5-Day  BOD 

Solids,  mg/l  mg/ 1 


Year 


Treatment 
Efficiency 
S . S . % BOD% 


Hydraulic  Loading  Cost  of  Treatment 

Current  Flow,  mgd  $ 


18 

13 

1970 

877. 

937. 

0.610 

a 

6 

1971 

92.77. 

94.87. 

0.0645 

17 

9 

1971 

88.97. 

93.27. 

0.035 

46 

20 

1971 

87.57. 

92.47. 

0.0268 

6 

8 

1971 

95.57, 

93.87. 

0.228 

$527.60 

19 

9 

1969 

897. 

967. 

13.7 

13.7 

1970 

917. 

957. 

58 

50 

1970 

747. 

827. 

10.9 

4.4 

1970 

857. 

977. 

10.3 

10.6 

1970 

907. 

927. 

40 

27 

1970 

747, 

867. 

$528.46 

22 

17 

1970 

887. 

947. 

24 

21 

1970 

917. 

937. 

22 

20.6 

1970 

707. 

957, 

6.6 

3.4 

1970 

927, 

96  n 

10.2 

6.2 

1970 

957. 

97" 

73 

92 

1971 

567. 

29% 
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OPERATING  DATA  ANT)  WASTEWATER  CFiARACTERlSTICS 
WASTE~WATER  TR£ATMI:nT  Pl^XNTS  IN^  T}:£  LHALRIN  RIVeITbA! 


Municipality  or 
Sever  District 

Portage  County 

Aurora  (Plant  #1) 


Ray 

Suspended 
Solids,  mg/1 


Wastewater  Characteristics 

Effluent 

5-Day  BOD  Suspended  5-Day  BOD 

mg  / 1 Solids,  mg''l  m>;/ 1 


Year 


Treatment 
Efficiency 

s . s . 


no 


155  19 


14 


1971  837, 


Robbins  Trailer  Park 


No  Data  Available 


I 


OPERATING  DATA  AND  WASTEWATER  CHARACTERISTICS 
WASTEWATER  TR£AT>g\T  PIANTS  IN  THE  CHAGRIN  RIVER  BASIN' 


Characteristics 

Effluent 

Suspended  3-Dav  BOD 

Treatment 

Efficiency 

Hydraulic  Loading 

Cost  of  Treatment 

Solids . mx ' 1 

mu/  1 

Year 

S . S . 7. 

B0D7 

Current  Flow,  mgd 

S/mK 

19 

14 

1971 

837. 

917 

0.370 

$138.00 
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I 

I 


I 


I 

I 


4.  Plant  V'alue  - Actual  worth  of  the  publicly  owned  plants  and  larger 
private  plants  was  computed  by  the  "reconstruction  cost  new  less  depreciation" 
method.  Generally,  reconstruction  cost  new  was  taken  from  generalized  cost 
curves  updated  to  1972  price  levels,  except  when  the  actual  construction  cost 
was  recent  and  available.  In  some  cases,  such  as  the  Cleveland  plants,  this 
cost  had  recently  been  computed  and  was  simply  up-dated  for  this  study. 
Depreciation  was  taken  at  2%  per  year  for  the  larger  facilities  and  4-6% 
per  year  for  the  smaller  plants.  In  some  cases,  the  purchase  price  of  small 
package  plants  was  used,  and  actual  worth  was  estimated,  based  on  present 
condition.  Actual  worth  as  well  as  the  reconstruction  cost  was  reviewed  with 
the  County  Sanitary  Engineers. 

Table  A-4-1  tabulates  the  existing  plant  values  and  expansion  plans. 

In  many  cases,  accurate  figures  for  outstanding  indebtedness  are  not 
available,  since  the  auditors'  debt  figures  often  include  debt  on  sewers, 
pumping  stations  and  other  facilities  as  well  as  treatment  works.  Where 
separated  figures  were  known,  tJiey  arc  shown  in  the  tabulation. 
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TABLE  A-A»1 

PLANT  VALUES  AN!)  EXPANSION  PLAN 


Municipality  or  Type  of 

Sewer  District  Plant 

Cuyahoga  County 

Bedford  S 

Bedford  Heights  T 

Cleveland  Easterly  S 

Cleveland  Southerly  S 

Cleveland  Westerly  P 

Euclid  1 

Maple  Heights  S 

Solon  - Central  Area  S 

S.D.  #1  - Parma  (Woodbury  Hills)  S 

S.D.  #2  - Shar-Bon  (Seven  Hills)  S 

S.D.  #3  - Richmond  Heights  (Scottish  Highlands)  S 

S.D.  #13  - Broadview  Heights  (Bramblewood  Subd.)  S 

S.D,  #13  - Brecksvllle  S 

S.D.  #13  - Brecksvllle  (Southern  Estates)  S 

S.D.  #13  - Walton  Hills  S 

Cloverleaf  Hilltop,  Inc.  S 

Pleasant  Valley  Shopping  Center  S 

Geauga  County 

Burton  City  Plant  S 

Broadwood  Hills  S 

Mlddlefield  P 

Mlddlefleld  Trailer  Park  S 

S 


CUYAHOGA  RIVER  BASIN 

Design 

Flow 

(mgd)  Expansion  Plans 


2.2  Plans  for  expansion  to  3.2  mgd  are 

under  consideration  > estimated 
cost  - $1,200,000 

3.6 

172.0  To  be  expanded  with  tertiary  to  380  mgd  •; 

1970-1975  - estimated  cost  - S37,000,000j 


96.0  To  be  expanded  with  tertiary  - 1975-1977 
estimated  cost  - $70,000,000 

36.0  To  be  expanded  with  tertiarv  to  50  mgd  • 
1970-1975  - estimated  cost  - $32,000,000 

18.0  Secondary  and  tertiary  to  be  added 
1970-1975  - estimated  cost  - $11,500,000 

1.0  To  be  abandoned  and  tied  into  C.V.I. 

2.4 

.12  To  be  abandoned  and  tied  into  I-M-1 

Interceptor  - 1975-1980  i 

,05  To  be  abandoned  and  tied  into  Crossview 

Interceptor  - 1975-1980 

.16  None 

.02  None 

1.0  To  be  abandoned  and  tied  into  C.V.I.  - 

1975-1980 

.03  To  be  abandoned  and  tied  into  C.V.I.  - 

1975-1980 

.25  Holding  tanks  to  be  added 

.03  To  be  abandoned  and  tied  into  C.V.I. 

.035  To  be  abandoned  and  connected  to  Keystofli 

Sprague  Interceptor 

0.06  Expansion  plants  under  design 

0.0275 

0.13  Adding  secondary  lagoons 

.020 

0.03 


Geauge  Coninunity  Hospital 
Jacques  Mobile  Home  Park 


S 


0.025 


TABLE  A«4»l 

r VALUES  AMD  EXPANSION  PLAN 
CUYAHOGA  RIVER  BASIN 


Reconstr • 

Ac  tua 1 

Expansion  Plans 

Cost  New 

Worth 

Plans  for  expansion  to  3.2  mgd  are 
under  consideration  - estimated 
cost  - $1,200,000 

S 2,210,000 

$ 1,270,000 

3,600,000 

3,600,000 

To  be  expanded  with  tertiary  to  380  mgd  - 
1970-1975  - estimated  cost  - $37,000,000 

99,853,551 

53,516,312 

To  be  expanded  with  tertiary  - 1975-1977 
estimated  cost  - $70,000,000 

110,130,155 

67,931,838 

To  be  expanded  with  tertiary  to  50  mgd  - 
1970-1975  - estimated  cost  - $32,000,000 

19,247,142 

8,143,050 

Secondary  and  tertiary  to  be  added 
1970-1975  - estimated  cost  - $11,500,000 

12,000,000 

9,000,000 

To  be  abandoned  and  tied  into  C.V.I. 

1,180,000 

800,000 

2,400,000 

1,735,000 

To  be  abandoned  and  tied  into  1-M-l 
Interceptor  - 1975-1980 

128,000 

60,800 

To  be  abandoned  and  tied  into  Crossview 
Interceptor  - 1975-1980 

87,000 

30,000 

None 

147,000 

60,000 

None 

20,000 

8,000 

To  be  abandoned  and  tied  into  C.V.I.  - 
1975-1980 

1,180,000 

600,000 

To  be  abandoned  and  tied  into  C.V.I.  - 
1975-1980 

69,000 

20,000 

Holding  tanks  to  be  added 

180,000 

121,000 

To  be  abandoned  and  tied  into  C.V.I. 

40,000 

10,000 

To  be  abandoned  and  connected  to  Keystone- 
Sprague  Interceptor 

45,000 

12,000 

Expansion  plants  under  design 

94,000 

24,000 

66,000 

22,000 

Adding  secondary  lagoons 

100,000 

25,000 

60,000 

2,000 

69,000 

23,000 

64,000 

21,000 

Outstanding 
Debt 


S 


A2C 


r 


1 


I 

1 

\ 

J 


CUYAHOGA  RIVER  BASIN  (Cont’d.J 


Municipallcy  or 
Sewer  Discricc 

Type  of 
Plant 

Design 

Flow 

(mf>d) 

Expansion  Plans 

Geauga  County  (Cont'd.) 

Plymouth  Acres,  Claridon  S.D. 

S 

0.012 

Punderson  State  Park 

S 

0.022 

Expansion  for  park  area  - contracts 
awarded  1972 

Medina  County 

Granger  Lake  Apartments 

S 

0.04 

Portage  County 

Aurora  Plant  #2  - Geauga  Lake 

S 

0.2 

To  be  abandoned  and  tied  into  Aurora  ‘ 

Westerly  - 1972-1975 

Aurora  Plant  #3  - Four-Seasons  Subd. 

S 

.12 

To  be  abandoned  and  tied  into  Aurora 
Westerly  - 1972-1975 

Kent 

S 

4.0 

Mantua 

S 

0.3 

Ravenna 

s 

1.25 

Plant  enlargement  in  cooperation  with 
Portage  County 

Aurora  Acres  S.D. 

S 

0.048 

To  be  abandoned  and  tied  into  Aurora 
Westerly  - 1972-1975 

Brimfleld  S.D.  #1  (Beechcrest) 

s 

0.2 

To  be  abandoned  and  tied  into  Fish  Cret] 
1975-1980 

Brlmfleld  S.D.  #3  (Holiday  Inn) 

s 

0.045 

To  be  abandoned  and  tied  into  Fish  Creel 
1975-1980 

Field  Local  School  District 

s 

0.034 

Franklin  S.D.  #l  (Franklin  Hills) 

s 

0.09 

Expansion  to  1,0  mgd  under  design  - 
estimated  cost  - $500,000 

Franklin  S.D.  #3  (Dale  Terrace) 

s 

0.044 

To  be  abandoned  and  tied  into  Franklin 
Hills  - 1973 

Gille  Estates  S.D. 

s 

0.44 

Kent  Rhodes  Apartments 

s 

0.03 

Randolph  Trailer  Park 

T 

0.04 

Ravenna  S.D.  #l  Lakeview  Gardens 

s 

0.02 

To  be  abandoned  and  tied  into  Ravenna 
Plant  - 1973-1975 

Ravenna  S.D.  #4  Longfield 

s 

0,03 

To  be  abandoned  and  tied  into  Ravenna 
Plant  - 1973-1975 

Rootstown  S.D.  #1  Baronwood 

s 

0.08 

To  be  abandoned  and  tied  into  Ravenna 
Plant  - 1975-1900 

Shalersvllle  S.D.  #1  (Red  Fox) 

s 

0.16 

L 


CtrVAHtX~.A  RIVER  BASIN  (Cont'J.t 


Reconstr. 

Actual 

Outstand 

Expansion  Plans 

Cost  Sew 

Worth 

Debt 

$ 

22,000 

5 10,000 

s 

Expansion  for  park  irea  - contracts 
awarded  1972 

60,000 

20,000 

78,000 

26,000 

To  be  abandoned  and  tied  into  Aurora 
Westerly  - 1972-1975 

160,000 

152,000 

To  be  abandoned  and  tied  into  Aurora 
Westerly  - 1972-1975 

130,000 

117,000 

3,600,000 

3,330,000 

123,000 

107,600 

Plant  enlargement  in  cooperation  with 
Portage  County 

1,300,000 

650,000 

To  be  abandoned  and  tied  into  Aurora 
Westerly  - 1972-1975 

78,000 

26,000 

To  be  abandoned  and  tied  into  Fish  Creek  - 
1975-1980 

200,000 

100,000 

To  be  abandoned  and  tied  into  Fish  Creek  - 
1975-1980 

83,000 

56 , 000 

12,000 

73,000 

24,000 

Expansion  to  1.0  tngd  under  design  - 
estimated  cost  - $500,000 

100,000 

60,000 

24,000 

To  be  abandoned  and  tied  into  Franklin 
Hills  - 1973 

82,000 

8,000 

450,000 

300,000 

90,000 

69,000 

35,000 

78,000 

20,000 

To  be  abandoned  and  tied  into  Ravenna 
Plant  - 1973-1975 

57,000 

18,000 

To  be  abandoned  and  tied  into  Ravenna 
Plant  - 1973-1975 

70,000 

50,000 

To  be  abandoned  and  tied  into  Ravenna 
Plant  - 1975-1980 

108,000 

35,000 

147,000 

100,000 
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Municipality  or 
Sewer  District 

Portajte  County  (Cont'd.) 

Shalersvllle  S.D.  1^2  Bolingbrook 

Streetsboro  S.D.  #2  Arrowhead 

Streetsboro  S.D.  Rolling  Hills 


Type  of 
Plant 


CUYAHOGA  RIVER  BASIS  ^Cont'd.j 


Design 

Flow 

(nigd) 


Expansion  Plans 


Sandy  Lakes 


To  be  abandoned  and  tied  into  Ravenna 
Plant  - 1973-1977 


Twin  Lakes 


Sumnit  County 


Northfleld 


Tal Imadge 


T (Microst.) 


Aerated  Lagoons  under  design,  eventually 
to  be  tied  into  Macedonia 


Twlnsburg 


S.D.  #1  Roseland  Estates 
S.D.  #5  Hudson 


Expansion  with  tertiary  addition  to 
2.2  mgd  - 1970-1975 

Connect  to  Twlnsburg  - 1975-1980 

Discussion  of  expansion  to  1.2  mgd 
1974-1975  - estimated  cost  - $1,000,000 


S.D.  #6  General  Motors 


S.D.  #7  Nagy  Park  Estates 


S.D.  #9  Macedonia 


To  be  tied  into  Cuyahoga  Valley 
Interceptor 


S.D.  #14  Renee  Estates 


To  be  abandoned  and  tied  into  Fish 
Creek  - 1975 


S.D.  #15  Northf leld-Macedonia 


S.D.  #17  Conn.  Colonys  Allot. 
Greenwood  of  Sagamore  Hills 


Expansion  with  tertiarv  to  6.0  ngd 


Hawthornden  State  Hospital 


To  be  abandoned  and  connected  to 
Cuyahoga  Valley  Interceptor  1975-1980 


Musical  Arts  Assoc. 
(Blossom  Music  Center) 

Ohio  21  - Corp. 


Stow-Kent  Assoc. 


K-Mart 


S 


0.02 


CA  RIVER  BASIS  (Cont'J.) 


Expansion  Plans 


To  be  abandoned  and  tied  Into  Ravenna 
Plant  • 1973-1977 


Aerated  Lagoons  under  design,  eventually 
to  be  tied  into  Macedonia 


Expansion  with  tertiary  addition  to 
2.2  mgd  - 1970-1975 

Connect  to  Twtnsburg  - 1975-1980 

Discussion  of  expansion  to  1.2  mgd 
1974-1975  - estimated  cost  - $1,000,000 


To  be  tied  into  Cuyahoga  Valley 
Interceptor 


To  be  abandoned  and  tied  into  Fish 
Creek  - 1975 

Expansion  with  tertiary  to  6,0  mgd 


To  be  abandoned  and  connected  to 
Zuyahoga  Valley  Interceptor  1975-1980 


Reconstr. 

Actual 

Outstandir 

Cost  New 

Worth 

Debt 

133,000 

$ 95,000 

s 

94,000 

75,000 

180,000 

100,000 

50,000 

120,000 

100,000 

70,000 

400,000 

400,000 

280,000 

,000,000 

31,200,000 

720,000 

500,000 

560,000 

420,000 

142,000 

71,000 

770,000 

578,000 

120 ,000 

40,000 

160,000 

120,000 

,300,000 

1,300,000 

30,000 

10,000 

30,000 

10,000 

120,000 

40,000 

,180,000 

800,000 

45,000 

20,000 

94,000 

94,000 

190,000 

-.0,000 

112,000 

112,000 

94,000 

40,000 

30,000 

20,000 

20,000 

14,000 

1 


ROCKY  RIVER  BASIN 


Municipality  or 
Sewer  District 

Type  of 
Plant 

Design 

Flow 

(mgd) 

Expansion  Plans 

Cuyahoga  County 

Berea 

S 

3.0 

Brookpark 

S 

1.0 

Lakewood 

S 

13.0 

North  Olmsted 

T 

9.0 

North  Royalton  - Area  "A" 

S 

1.5 

Sludge  removed  being  studied 

North  Royalton  - Area  "B" 

S 

1.0 

Sludge  removed  being  studied 

Strongsville  - Area  "A" 

s 

1.0 

Either  abandoned  or  temporarily 
enlarged 

Strongsville  - Area  "B” 

s 

0.25 

To  be  expanded  to  1.2  mgd  plant  with 
tertiary  - 1970-1975  - estimated 
cost  - $1,000,000 

Strongsville  - Area  "C” 

s 

0.37 

To  be  expanded  with  tertiary  - 1970-1975 

S.D.  #6  Rocky  River 

I 

16.0 

Secondary  to  be  added  1970-1975, 
Contract  awarded  but  In  litigation 
estimated  cost  - $3,500,000 

S.D,  #8  Middleburg  Heights 

T 

2.0 

Expandable  to  4.0  mgd  with  minor 
modifications 

S.D.  #14  Brentwood  Estates 

s 

0. 16 

To  be  abandoned  and  tied  into  Westlake 
Interceptor  - 1975-1980 

Lakewood  Country  Club 

s 

0.025 

To  be  abandoned  and  tied  into  Westlake 
Interceptor  - 1975-1980 

Olmsted  Falls  School  District 

s 

0.03 

Medina  County 

Medina 

s 

1.35 

To  be  abandoned  and  tied  into  Medina- 
Llverpool  Plant  - 1970-1975 

S.D.  #7  Colony  Park 

s 

. 13 

To  be  abandoned  and  tied  into  Medina- 
Hinckley  Plant  - 1970-1975 

S.D.  #8  Beverly  Hills 

s 

.13 

Temporary  expansion  to  0.26  mgd  until  * 

abandoned  in  1975  - estim.ited  cost  - $60 

S.D.  #9  Hinckley  Lake 

s 

.010 

To  be  abandoned  and  tied  into  now 
Hinckley  Regional  Plant  in  1980-1985 

S.D.  #11  Village  Homes 

s 

0.012 

To  be  abandoned  and  tied  into  Liverpool 
Plant  - 1985-1990 

S.D.  #100  Medina  County 

s 

2.0 

To  be  abandoned  and  tied  into  Liverpool 
Plant  - 1975 

S.D.  #500  Liverpool 


S 


1.5 


To  be  enlarged  and  become  regional  plant 


lOCKY  RIVER  BASIN 


Expansion  Plans 

Reconatr. 
Cost  New 

Actual 

Worth 

Outstanding 

Debt 

$ 2,850,000 

$ 2,000,000 

$ 

800,000 

600,000 

9,300,000 

8,603,000 

8,000,000 

7,000,000 

Sludge  removed  being  studied 

1,620,000 

1,214,000 

Sludge  removed  being  studied 

1,180,000 

885,000 

Either  abandoned  or  temporarily 
enlarged 

900,000 

700,000 

To  be  expanded  to  1.2  mgd  plant  with 
tertiary  - 1970-1975  - estimated 
cost  - $1,000,000 

180,000 

135,000 

To  be  expanded  with  tertiary  - 1970-1975 

320,000 

250,000 

Secondary  to  be  added  1970-1975, 
Contract  awarded  but  in  litigation 
estimated  cost  - $3,500,000 

8,400,000 

Expandable  to  4.0  mgd  with  minor 
■odif ications 

3,000,000 

To  be  abandoned  and  tied  into  Westlake 
Interceptor  - 1975-1980 

148,000 

49,000 

To  be  abandoned  and  tied  into  Westlake 
Interceptor  - 1975-1980 

64,000 

21,000 

69,000 

23,000 

To  be  abandoned  and  tied  into  Mcdina- 
Llverpool  Plant  - 1970-1975 

1,500,000 

620,000 

To  be  abandoned  and  tied  into  Medina- 
Hinckley  Plant  - 1970-1975 

130,000 

40,000 

Temporary  expansion  to  0.26  mgd  until 
abandoned  In  1975  - estim-ited  cost  - $60,000 

1 30 , 000 

40,000 

To  be  abandoned  and  tied  into  new 
Hinckley  Regional  Plant  in  1980-1985 

20 , 000 

3,000 

0 

To  be  abandoned  and  tied  into  Liverpool 
riant  - 1985-1990 

24,000 

5,000 

0 

to  be  abandoned  and  tied  into  Liverpool 
rUnt  - 1975 

2,000,000 

1,000,000 

800,000 

(w/ i nteres  t ) 

to  be  enlarged  and  become  regional  plant 

1,200,000 

1,200,000 

4,000,000 

(w/  interest 

Include  sewers) 

A23 


CHAGRIN  RIVKR  BASIN 


Design 

Municipality  or 

Type  of 

Flow 

Sewer  District 

Plant 

(ragd) 

Expansion  Plans 

Cuyahoga  County 

Chagrin  Falls 

S 

0.4 

Expansion  with  tertiary  under 

Pepper  Pike  - Creek  Side 

S 

. 12 

Pepper  Pike  - Pepper  Hills 

s 

0.05 

Hickory  Hills  - Mayfield  Heights 

s 

0.03 

Solon  - N.  & N.E.  Area 

s 

0.78 

Apple  Hill  Town  House  Corp. 

s 

0.025 

(Moreland  Hills) 

Country  Club  Inc. 

s 

0.05 

Woodbran  Corp. 

s 

0.22 

Geauga  County 

S.D.  #2  Chester  Twp.  (Willow  Hills  Estates) 

S 

0.012 

S.D,  #1  Balnbridge  Twp.  (Pilgrim  Village  Subd.) 

s 

0.025 

Chagrin  River  S.D. 

Russell  Park 

s 

0.02 

Wenhaven 

S 

0.008 

Opalacka 

T 

0.08 

McFarland  Creek  S.D. 

South  Russell 

s 

0.09 

To  be  abandoned  and  tied  into 

Ravenwood 

s 

0.0125 

McFarland  Creek  S.D.  proposed 

Tanglewood 

T (lagoon) 

0.120 

regional  plant. 

Knowles  Indus.  Park 

S 

0.018 

Newbury  Local  School 

S 

0.03 

Silver  Creek  School  District 

s 

0.01 

West  Geauga  Local  School 

s 

0.06 

Belle  Vernon  Acres 

s 

0.04 

Wilder  Mobile  Home  Park 

s 

0.03 

Scarsdale  Estate 

T 

.027 

Notre  Dame  Educ,  Center 

s 

0.04 

W 1 1 loughby^Eas t lake 

I 

3.8b 

Willoughby  Hills  (Dodd's  Hill  Subd.) 

T 

0.024 

Portage  County 

Aurora  (Plant  ^l) 

Robins  Trailer  Park 


P 


0.04 


Expansion  with 


[ 


k be  abandoned 
BFarland  Creek 
Kglonal  plant. 


tertiary  under  design 


and  tied  into 
S.D.  proposed 


220,000 

$ 

165,000 

87,000 

29,000 

87,000 

29,000 

69,000 

23,000 

960,000 

64,000 

21,000 

87,000 

29,000 

170,000 

25,000 

12,000 

50,000 

20,000 

60,000 

20,000 

15,000 

8,000 

108,000 

85,000 

112,000 

70,000 

28,500 

10,000 

160,000 

90,000 

36,000 

1,000 

69.000 

42.000 

94.000 

78.000 

69.000 

50,000 

25,000 

78,000 

375.000 


290.000 


r 

5.  Subdistricts  - The  study  area  was  divided  into  major  sewerage  dis- 
tricts that  are  expected  to  exist  in  1980  or  at  the  conclusion  of  improve- 

I 

' ment  plans  now  underway.  The  population  was  calculated  for  eacli  subdistrict 

' and  tlie  population  served  by  sewers  was  estimated.  These  subdistricts  arc 

I 

j shown  on  Figure  A-5-1,  and  the  populations  served  are  tabulated  on  Table  A-5-1. 

Table  A-5-2  shows  the  populations  served  by  individual  systems.  Individual 

systems  are  septic  tanks  or  small  package  plants. 

In  general,  these  subdistricts  would  become  totally  additive  in  the 
i 

j event  of  regional  consolidation . Some  of  the  1980  area  that  is  shown  as 

I served  individually  could  become  tributary  to  a sewerage  district  in  the  future, 

j The  tributary  area  of  the  subdistricts  has  been  based  on  discussions  with  the 

various  agencies  dealing  with  the  planning  for  the  study  area. 
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TABLE  A-5-2 

AREAS  OUTSIDE  OF  SEWERAGE  DISTRICTS 
IN  1980  THAT  ARE  SERVED  BY  INDIVIDLAL  SYSTEMS 


Area 

z 

1970 

Popular  ion 

X 

1980 

Population 

T. 

1990 

Population 

% 

2000 

Popull 

Grafton 

10 

126 

10 

140 

10 

140 

10 

1 

Hinckley  Township 

55 

2,317 

55 

2,920 

55 

4,020 

55 

5.< 

Granger  Township 

40 

856 

40 

1,080 

40 

1 ,480 

40 

l.l 

Sharon  Township 

10 

276 

10 

350 

10 

480 

10 

< 

Bath  Township 

96 

7,250 

96 

9,025 

96 

10,655 

96 

12.< 

Brecksvi  He 

10 

914 

10 

1,420 

10 

1,820 

10 

Northfleld  Center  Township 

25 

988 

25 

1,750 

25 

2,750 

25 

Boston  Township 

100 

1,504 

100 

1,900 

100 

2,200 

100 

Boston  Heights 

10 

85 

10 

100 

10 

110 

10 

i 

Peninsula 

100 

692 

100 

600 

100 

900 

100 

Northampton  Township 

40 

2,265 

40 

2,840 

40 

3,360 

40 

Hudso  n 

7 

312 

7 

455 

7 

512 

7 

Stow 

4 

792 

4 

1,067 

4 

1,304 

4 

Tallmadge 

8 

1,221 

6 

1,583 

8 

1,912 

8 

2.1 

Akron 

1 

2,754 

1 

2,932 

1 

3,212 

1 

3.1 

Lakemore  Village 

70 

1,895 

70 

2,100 

70 

2,310 

70 

2.1 

Spring f Ic Id  Township 

18 

3,045 

18 

3,820 

18 

4.500 

18 

5.1 

G lenwi 1 low 

100 

526 

100 

600 

100 

700 

100 

Horeland  Hills 

70 

2,100 

70 

2,730 

70 

3,150 

70 

3.1 

Hunting  Valley 

40 

269 

40 

480 

40 

800 

40 

Gates  Mills 

40 

950 

40 

1,200 

40 

1,480 

40 

Mayfield 

1*1 

1,670 

47 

2,258 

47 

2,774 

47 

3.1 

Willoughby  Hills  Township 

60 

3,143 

60 

4,200 

60 

5,640 

60 

Waite  Hill 

100 

514 

100 

700 

100 

1.000 

100 

1. 

Streetsboro 

7 

558 

7 

700 

7 

917 

7 

l.| 

Franklin  Township 

19 

2,277 

39 

3,  120 

39 

4.170 

39 

Burton  Township 

83 

1,966 

83 

2,820 

83 

3.984 

83 

3. 

Middle  field  Towns hi p 

17 

465 

17 

664 

17 

935 

17 

1. 

Balnbr  Idge  Township 

15 

1,054 

15 

1,500 

15 

2,178 

15 

zj 

1 

Suffleld  Township 

90 

5,219 

90 

7,110 

90 

9,540 

90 

12 

TABLE  A«5-2 

mSlDE  OF  SEWERAGE  DISTRICTS 


ARE  : 

SERVED  BY  INDIVIDUAL 

SYSTEMS 

% 

1990 

Population 

% 

2000 

Population 

X 

2010 

Populat ion 

X 

2020 

PopulatK 

10 

140 

10 

150 

10 

150 

10 

150 

55 

4,020 

55 

5,055 

55 

5,995 

55 

6,600 

40 

1.480 

40 

1,880 

40 

2,200 

40 

2,440 

10 

480 

10 

600 

10 

710 

10 

780 

96 

10,655 

96 

12,000 

96 

12,680 

96 

12,880 

10 

1,820 

10 

2,030 

10 

2,210 

10 

2,260 

25 

2,750 

25 

3.250 

25 

3.750 

25 

4,250 

100 

2,200 

100 

2,500 

100 

2,600 

100 

2,700 

10 

110 

10 

120 

10 

130 

lO 

130 

100 

900 

100 

1,000 

100 

1,000 

100 

1,000 

40 

3,360 

40 

3,760 

40 

4,000 

40 

4,040 

7 

512 

7 

546 

7 

602 

7 

638 

4 

1,304 

4 

1.482 

4 

1,582 

4 

1.617 

8 

1,912 

8 

2,160 

8 

2,303 

8 

2,338 

1 

3,212 

1 

3.470 

1 

3,611 

1 

3,628 

70 

2,310 

70 

2,510 

70 

2.660 

70 

2,660 

18 

4,500 

18 

5,045 

18 

5,330 

18 

5,380 

100 

700 

100 

700 

100 

700 

100 

700 

70 

3,150 

70 

3,  500 

70 

3 . : . 9 

70 

3,710 

40 

800 

40 

960 

40 

1,120 

40 

1,280 

40 

1,480 

40 

1,640 

40 

1,760 

40 

1,760 

47 

2,774 

47 

3,147 

47 

3,384 

47 

3,384 

60 

5,640 

60 

7,020 

60 

8.285 

60 

9,056 

100 

1,000 

100 

1.200 

100 

1,400 

100 

1,500 

7 

917 

7 

1,155 

7 

1,351 

7 

1,484 

39 

4,170 

39 

5,260 

39 

6.160 

39 

6,710 

83 

3,984 

83 

5,150 

83 

6,310 

83 

7,140 

17 

935 

17 

1,223 

17 

1,497 

17 

1 ,683 

15 

2,178 

15 

2,910 

15 

3,558 

15 

4.020 

90 

9,540 

90 

12,070 

90 

14,050 

90 

15,400 

A33 
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TABLE  A-b-3  fCont'd.) 


AREAS  OnSlDE  OF  SKUEKA(,P  BlSTRlCTj 
IN  1980  THAT  ARE  SERVED  KY  1M)LVIDI  AL  SYS  lE.'-'-S 


1970  1980  1990  2000 


Area 

% 

Popular  ion 

Z 

Popular  ion 

- 

Popul  .1 1 von 

z 

Population 

Randolph  Township 

60 

2,490 

60 

3,420 

60 

4,556 

60 

5,756 

Marlboro  Township 

75 

75 

100 

125 

Lake  Township 

100 

100 

125 

150 

Hartvi 1 le 

50 

50 

75 

100 

Hiram  Township 

10 

140 

10 

190 

10 

260 

10 

320 

Newbury  Township 

100 

4,038 

100 

5.700 

100 

8,000 

100 

10,600 

Klrtland 

LOO 

5,530 

100 

7,200 

100 

9,500 

100 

11,700 

Kirtland  Hills 

25 

113 

25 

150 

25 

200 

25 

250 

Chardon  Township 

60 

1,910 

60 

2,700 

60 

3.780 

60 

4,980 

Harabden  Township 

34 

850 

34 

1,190 

34 

1 ,668 

34 

2,210 

Montville  Township 

15 

196 

15 

285 

15 

390 

15 

510 

Chester  Township 

62 

6,450 

62 

9,170 

62 

12,700 

62 

16,800 

Russell  Township 

38 

1,775 

38 

2,545 

38 

3,538 

38 

4.675 

South  Russell 

7 

187 

7 

315 

7 

476 

7 

645 

Auburn  Township 

100 

1,517 

100 

2,300 

100 

3,200 

100 

4,200 

Troy  Township 

85 

1,404 

85 

2,000 

85 

2,800 

85 

o 

o 

Clalridon  Township 

100 

2,124 

100 

3,000 

100 

4,200 

100 

5,800 

Munson  Township 

100 

3,569 

100 

5,100 

100 

7,100 

100 

9,400 

Huntsburg  Township 

12 

574 

32  , 

832 

32 

1.152 

32 

1.504 

CRANP  TOTAL 

81,095 

108,686 

U2.753 

176,918 

mm 


TABLF.  A-6-3  (Cont'd.l 


6.  Wastewater  Flov>rs  and  Loads  (Present  and  Future)  - The  development  of 
reasonably  accurate  projected  wastewater  flows  and  loads  is  essential  for  t!ie 
planning  of  future  wastewater  management  programs,  especially  in  consideration 


of  municipal  wastes,  which  account  for  the  majority  of  wastewater  flows. 

The  present  per  capita  flow  of  municipal  wastewater  for  sep>arate  and 
combined  systems  are  found  to  be  110  to  1.S6  gpcd , respectively,  for  the  study 
area.  These  figures  are  based  upon  1970  po{>ulation  data  and  on  1970  wastewater 
treatment  plant  records.  Industrial  flows  have  been  deducted  from  the  total 
plant  flow  in  computing  these  figures,  and  are  not  induced. 

In  projecting  the  future  municipal  waste  flows,  consideration  was  given 
to  such  factors  as: 

1.  The  present  trend  of  increase  in  water  consumption,  per  capita. 

2.  The  increased  use  of  water  saving  devices  for  the  home. 

3.  The  possible  development  of  water  reuse  systems  for  the  homo. 

4.  Reduction  in  infiltration  rates  due  to  improved  sewer  construc- 
tion techniques. 

5.  Replacement  of  certain  existing  combined  sewers  witli  separate  sewers. 

Present  trends  in  water  consumption  for  the  study  area  show  an  increase 

in  water  consumption  in  the  range  of  1.0  to  1.3  gpcd  per  year.  This  per 
capita  increase  is  due  in  part  to  the  increased  use  of  various  modern  facili- 
ties such  as  the  automatic  clothes  washer,  the  automatic  disiiwasher,  and  garbage 
grinder,  which  use  more  water  than  previous  methods.  This  trend  is  also  due 
to  the  fact  that  there  is  an  "abundance"  of  water  in  the  study  area.  In  this 
area  the  population  in  general  does  not  feel  a water  supply  sliortagc,  and  there- 
fore does  not  generally  make  an  attempt  to  conserve  water. 

Approximately  70"o  of  total  household  w.itcr  usage  is  for  toilet  flushing 
and  bathing.  Flow  reduction  devices  have  been  developed  for  these  two 
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li.R.  McLaughlin,  "A  Recycle  System  for 
Water  and  Sewage  Works,  .April,  1968. 
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(2) 

critical  areas.  I’resent  toilets  use  4 to  6 gallons  [)cr  flush.  The 
newly  developed  reduced  flush  toilets  use  2-1/2  gallons  per  flush.  Tliese 
are  already  in  use  >n  some  foreign  countries  where  water  shortages  exist. 

Dual  flush  toilets  have  also  been  developed,  which  use  even  smaller  quantities 
of  water  when  only  urine  is  to  be  disposed  of. 

I’resent  shower  heads  discliarge  between  5 and  10  gallons  per  minute. 

This  flow  can  be  reduced  and  still  be  acceptable,  i'he  reduced  flush  toilet 
and  the  limited  flow  shower  head  might  provide  a 30-50o  reduction  in 
domestic  water  usage.  They  are  also  economically  feasible  in  that  the  cap- 
ital costs  are  low  and  the  yearly  water  savings  and  waste  flow  reduction  is 
substantial . 

The  following  household  water  reuse  methods  have  been  investigated; 

1.  Reuse  of  all  wastewaters,  except  for  drinking. 

2.  Reuse  of  nonsanitary  water  for  toilet  water  and  laundering. 

3.  Aerobic  treatment  and  reuse  of  all  wastewaters  for  lawn 
watering . 

4.  Reuse  of  wash  water  for  toilet  flushing. 

The  only  one  of  these  which  appears  reasonably  feasible  in  this  area 
is  the  reuse  of  washwatcr  for  toilet  flushing.  It  is  doubtful  however,  that 
reuse  technique  will  be  developed  to  any  significant  extent  in  the  stud\’ 
area.  This  is  due  to  the  relative  abundance  of  water  to  handle  future  demands. 

In  other  areas  of  the  country,  where  water  shortages  and  water  jiollution 

from  municipal  wastes  is  a critical  problem,  tlicse  techniques  will  lie  more 
likely  to  be  developed. 

The  resulting  municipal  wastewater  flow  projections  arc  sliown  in  Table 
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tabu;  a-6-1 


MUNICIPAL  IVASTliWATTR  F'LO^ 

(gpcd  - gallons  per  capita  per  da> j 


1970 

1980  1990 

2000 

2010 

2021 

Separate  systems 

1 10 

120  125 

150 

140 

15i 

Combined  systems 

156 

160  164 

168 

172 

17: 

The  present  and  projected  pollution  loads  from 

municipal 

wastewater 

treatment  plants  have 

also  been  estimated.  The  per  capita  generation 

rates 

for  nitrogen  and  phosphorus  were  based  upon  monthlv 

data  from 

the  Cleveland 

Easterly,  Southerly, 

and  Westerh'  Wastewater  Treatment  Plants 

. Table  A-i 

shows  the  projected  municipal 

wastewater  pollution 

loads  for 

the  study 

a rc  a 

in  pounds  per  capita 

per  day. 

TABLE  A- 6- 2 

MUNICIPAL  WASTEWATER  POI.LUTION  LOADS 

(pounds 

per  capita  per  day! 

1970 

1980  1990 

2000 

2010 

2020 

BOD 

Separate  System 

. 1~ 

.18  .185 

. 19 

. 19 

. 195 

Combined  System 

. 15 

.15  .16 

. 16 

. 17 

.1" 

Suspended  Solids 

Separate  System 

. 18 

.185  .19 

. 195 

. 195 

.20 

Combined  System 

.2.5 

.25  .24 

.24 

.25 

.25 

Organic  Nitrogen 

.0146 

.014(1  .0146 

.0146 

.014(1 

.0146 

■Ammonia  Nitrogen 

.0097 

.0097  .0097 

.0097 

.009" 

.009" 

Total  Phosphorus  as  1' 

.0116 

.011(1  .011(1 

.011(1 

.0116 

.0116 

Sulfate 

.0507 

.0  5(i~  .0567 

.056~ 

.0567 

. 0 5(1  ~ 

Chloride 

.046 

.04(1  .04(1 

.046 

.04(1 

.046 

(3) 


II  t. , Ltd.,  "['eas  i l>  i I i ty  Study  for 
Pepartment  of  the  Armv , 1P~1  . 


Waste\vater  Management  I'rogram",  for 
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A computer  program  was  written  to  calculate  and  tabulate  the  present 
and  future  municipal  wastewater  flows  and  pollution  loads  based  on  the  data 
in  Tables  A-O-l  and  A-b-2.  The  program  was  run  for  each  of  the  sewerage 


1 

I 

i 

4 

1 

\ 


districts  in  the  study  area,  based  upon  the  population  projections.  Tliis 
information  is  given  in  Table  A-6-3.  The  total  municipal  wastewater  flows 
and  pollution  loads  for  the  Cuyahoga,  Rocky  and  Chagrin  River  watersheds  and 
for  the  direct  discharges  into  Lake  Lrie  are  shown  in  Table  A-6-4. 

These  tables  do  not  include  industrial  flows  or  loads.  The  industrial 
loads  were  computed  by  AWARE  and  are  presented  in  this  phase  report. 
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TAiiLE:  A-0--> 

FI.O'm'S  and  l.OAl^j  IN  lN!'l\'[DrAL  S!:i,TRAi;i-.  lUSTKlCTS 

i.AKi;  iiRii: 


TAB!, 

::  A-6- 

3 (Co;it' 

LAKL 

llRli: 

€ JCLI3 

2 n 

1 ■?  ' 

* 90 

rf 

."10 

P >PCLATt0‘4 

IV'll"'. 

i^r  :*•. 

IT'j*  T •. 

' . 

22(-17. 

2 370  3'' 

f\.On 

2^.b6 

'.''.11 

21.  J3 

21 

31.7  3 

39. ‘>6 

wOD  CCOV/TR) 

. 

*’7  ' - * . 

ll3*6-j?C. 

1*1^69*0. 

1S71n«.J0. 

1'  ?706K 

SJSPf.CLD 
iOLlUS  (US/'^K) 

7‘;*  .'T:7. 

12UDO90. 

1*V',  99*2 , 

1-3:3190 

ORCA-UC 

MThOGI.:«  (LbS/VR) 

7 

U ,^1*2. 

126  • 13.' 

-^M'lO’ilA 

‘UTROt.CN  (LbS/''#) 

B T‘  «7. 

(211*2. 

■»2*:c 

“'J23''^. 

9 3920*. 

total  P‘(05Ph''RU5 
A$  P (LuS/^RJ 

103®**. 

7*.’50n. 

POV'JD* . 

U'03‘55 

SULfATE  (LbS/TR) 

in  •*:8. 

23iJ0.*r. 

27*0C*‘'. 

303:'6*6. 

3179139 

CmlORIOC  (LbS/TR) 

1 nru  .f). 

2 3''“'  ‘ . 

25*6619. 

3*  3‘-?'*3. 

39:«<9  <8. 

3.^797  33 

NEW  SEPARATE  SEwtR 

AREA 

■ lLlOUGtmT-tASTLA»i 

1970 

i«bo 

1190 

2000 

2C10 

2020 

population 

3“3*‘. 

921''0. 

76900. 

973(10. 

119200. 

126890 

FLOW  (MOD) 

A.2: 

6.26 

9.61 

12.6t» 

16.13 

19.02 

UOD  (LBS/YR) 

?3''8003. 

3*22970. 

6192672. 

67*'Tu3. 

7:ie<:i9. 

502*989 

SUSPENDED 
SOLIDS  (LUS/TB) 

2'j17?3^i. 

36l‘!-:2. 

6333013. 

6 , 

6199395. 

92(.(3-3 

ORGANIC 

NITROGEN  CLUS/YR) 

2OR220. 

2776*1. 

*3»-800. 

SlA'ilP. 

613901. 

679717 

AMMONIA 

NITROGEN  CtbS/YR) 

13'^636. 

ISh*'-:. 

27226*. 

3**6^. 

*07366. 

TOTAL  Pm0SP‘«')BUS 
AS  P (LilS/YR) 

• 16226*. 

220611. 

32939*. 

*ll'-6^. 

*87797. 

936HY1 

SULFATE  (LUS/YR) 

i.13369. 

6??r-6. 

103011*. 

13'’3:V. 

16*31(1. 

U9R-1.B 

chloride  (LbS/TR) 

6*3*60. 

37*76 

1291190. 

l633'-66. 

193*207. 

212S.<7'J 

Nttf  SCPAriATE  $fWCR  AREA 


A»0 


TAPLli  A-C-5  (Cont'd.J 


ROCKY  RI\T;R  l.A'l KRSllLD 


L 

I 


S 0 *IOO 

ri7o 

1 i: 

1 *.10 

2''C'') 

2’^10 

222J 

nOPJL^TlON 

ro'iSi. 

*7733. 

'■01*1. 

9’.’ 12 

120'  01. 

c*’ns) 

S.7T 

3 . ^ 

12.  2 

1 * . 1 * 

18.6* 

‘iCO  CLy^/''R) 

JCioo. 

313  'T't:. 

C3D5. 

‘ 77)7'.; 

-..■'3;T2 

857715-  . 

SJbl'LSMO 

iOUDS  <LUS/rR) 

137:3**1. 

3:2t'j«5. 

*537016. 

‘•)2?M? 

7lR7«'.« 

8?)7u9  3. 

ORr.\r<IC 

NjT-'oitu  CloS/yR) 

1H3I2. 

.■>*■.3'  . 

3v2*7*-. 

**J-i37 

5':?  138 

< *213-'. 

-.ITROi.t'.  (I.US/YR) 

73?:.  1*. 

16  *17l. 

23*17). 

25-J.  12 

357'.  30 

*2tf  58. 

TOTAt  PiiOsP^'ORUS 
MS  f (LuO.'rR) 

2cnn. 

25'V'*  I. 

’52?:  < 

*27562 

•jl)2?l. 

•jULPATC  (LUS/YR) 

27.330. 

o..nC77. 

53o01-., 

111*''!  (, 

13.. 717 

161*263. 

CHLORIDE  <U»S/YR) 

?jr27w. 

ino5*u. 

13?7U’) 

1 ■■.■5523 

20233.  ). 

SEh  SerARATt  SEWER  AREA 

MtD«f4A  COUNTY  S D 

l:/70 

l?3c 

1)90 

2200 

2010 

2020 

population 

182S. 

7616. 

13735. 

15312 

17595. 

189*0. 

PLOW  (MOD) 

0.20 

O.Jl 

1.72 

2.06 

2.-6 

2.83 

liOD  (LOS/YB) 

1132*1. 

500371. 

930332. 

10)6502 

121)51). 

i:*on36. 

SUSPENDED 
SOLIDS  (LUS/YR) 

ll‘»902. 

51*270. 

)55)')‘^. 

1125*1') 

1251612. 

1375319. 

OPCAMC 

NlTRur.lN  fLWS/YR) 

:>72‘^. 

*0586. 

73*60. 

8*262 

93710. 

100398. 

Aw»^OSIA 

NITROOEN  (LUS/YR) 

i,i>6l. 

26)0*. 

*9906. 

5'‘>)32 

62260, 

( 6703. 

total  PHOSPHORUS 
AS  ? CUIS/YR) 

7727. 

3.‘2*6. 

57  306. 

669*3 

7**55. 

7)768. 

SULFATE  (LUS/YR) 

2LIU7. 

102C20. 

13*657. 

2U910. 

235560. 

252371. 

CHLORIDE  (LUS/YR) 

306*2. 

127373. 

221*50. 

265*33. 

295252. 

316323. 

NIW  SEPARATE  SEWER  AREA 

NO.  R0»ALT0N  a 

U70 

n3o 

ir)0 

2000 

2C10 

2C20 

POPULATION 

2*3*. 

3635. 

.■760. 

12  3' 

10350. 

FLOW  (HCO) 

0.27 

0.01 

1.0) 

1.27 

l.*5 

1.55 

bOO  (LUS/YR) 

15*132. 

333*27. 

536*55. 

C763'.6. 

71’7:2. 

7 3t(-6l. 

SUSPENDED 
SOLiUS  (LbS/YR) 

16  31?'/. 

332630. 

622305. 

6 J*ttS, 

7’!  t ;•!. 

■’55550. 

OWGAMC 

nitrogen  (LUS/YR) 

13237. 

27C«5. 

*U282. 

52011. 

55155. 

55155. 

AMM;f4l  A 

Nl TROOLN  (LUS/YR) 

87)5. 

17)08. 

307*'J. 

3*555. 

366**. 

3t6**. 

TOTAL  Phosphorus 
AS  p (LUS/YR) 

1T517. 

21«-<3. 

3'^772. 

*132*. 

* 7?.-2. 

* 3822. 

SULFATE  (LUS/YR) 

3 327*. 

67/82. 

1163*0. 

i3or*o. 

17*-*3. 

1 38'  *3. 

chloride  (LbS/YR) 

*1701-. 

0S2^-|. 

1*5321. 

103970. 

17  37”'. 

173:76, 

NLW  SEPARATE  StWER  AREA 

\n 


TABLE  A-6-3  (Cont?d.) 


■ ROCKY  RUHR  WATERSHED 


STftONCSVILLE  e 

IJTO 

1790 

1990 

2000 

2010 

2020 

POPOLAT  ION 

IbOO. 

H65. 

< 300. 

• 990, 

5200. 

52*0, 

FLOW  («GO) 

0.16 

O.R? 

0.5* 

0.63 

o.n 

0.79 

ttOD  (LUS/'TR} 

JP7i, 

227C50. 

290357. 

939*29. 

3tCC20. 

372757, 

$JSPtNOtl> 

SOLIDS  (LbS/TK) 

oi^bo. 

233J7*. 

2)9205. 

3*733*. 

370U0. 

382520, 

ORCAtilC 

NITROGEN  (LbS/TR) 

19«65. 

22915. 

26006, 

27711. 

2792*. 

A>««NlA 

NITROGEN  (LbS/TR) 

5U1. 

12268. 

1522*. 

17279. 

li*U. 

13552. 

total  Pf«OSP»*OfiaS 
AS  P (LUS/VR) 

1*671. 

18206. 

20662. 

22017. 

22186 

SULFATE  CLbS/TR) 

J0OT3. 

57601. 

65370. 

6)657. 

701)2 

CMLORIOt  (UOS/TR) 

25195. 

53177. 

721)7. 

91935. 

873C9. 

87730 

NEW  SEPARATE  SEWER  AREA 

NO  rotaltu>«  u 

1)70 

1730 

1990 

2030 

2010 

o 

o 

POPULAT ION 

29*3. 

370*. 

**•'). 

*971. 

52  »0. 

5290. 

FLOW  (MCO) 

0.32 

o.«* 

0.5b 

0.65 

0.7* 

0.79 

BOD  CLQS/’^R) 

182923. 

2*  335  3. 

300*19. 

3*0120. 

)668ol. 

376516. 

SUSPENDED 
SOLIDS  (LbS/TR) 

193633. 

250113. 

303538. 

35523*. 

376516. 

386170. 

ORGANIC 

NITROGEN  (LBS/TR) 

15710. 

1973'). 

23709. 

26577. 

231)0. 

28190. 

AMMONIA 

NITROGEN  (LbS/TR) 

10*37. 

1311*. 

15752. 

17671. 

18729. 

18729. 

rOTAC  PHOSP'fORUS 
AS  P (LbS/TR) 

12*82. 

1563  3. 

13837. 

21132. 

22378. 

22398. 

SULFATE  (LBS/TR) 

3)*90. 

*7617. 

595)7. 

66857. 

70362. 

70862. 

CHLORIDE  (LUS/TR) 

*9*97. 

621)0. 

7*099. 

337)9. 

88919. 

8881). 

rau  StPAHATE.  bLrfEA  AREA 


STRONGSVILLE  C 

1970 

neo 

1990 

2000 

2010 

2020 

POPULAT ION 

1200. 

3060. 

3799. 

• 305. 

•5/5. 

• 620. 

FLOW  (MGO) 

0.13 

0.37 

0.*7 

0.56 

0.6* 

0.6) 

BOO  CLBS/TR) 

7**60. 

2010*2. 

256527. 

299552. 

318663. 

323828, 

SUSPE  NDCO 
SOLIDS  (LUS/TR) 

799*0. 

20G626. 

26  3*61. 

306*09. 

32*'0«). 

337260. 

ORGANIC 

NITROGLN  (LbS/TR) 

63/5. 

16  3)7. 

202*5. 

229*1. 

2**37. 

2*620. 

AHf«NIA 

NITROGEN  (LbS/TR) 

•2*9. 

1093*. 

13*50. 

152*2. 

16269. 

16357. 

TOTAL  PMOSP»«ORUS 
AS  P (LBS/TR) 

7031. 

12956. 

16085. 

18227, 

1)*55. 

17561. 

sulfate  (LBS/TR) 

16075. 

*0)90. 

50389. 

57668. 

61552. 

61887. 

CHLORIDE  (LbS/TR) 

201*9. 

51377. 

63785. 

72281  . 

77150. 

77570, 

NC^  StPARATC  SCifCR  A«(A 


A42 


ROCKY  RIVER  KATERSliED 


aeacA 

1770 

1983 

1990 

2000 

2010 

2020 

AOAjtATIO# 

*•?)  »b. 

27633.* 

33:30. 

36^00. 

3U00. 

39100. 

(**cu) 

.'.AU 

3.31 

*.12 

«.80 

d.»t 

6.86 

bOO 

1313320. 

2223326. 

266901  3. 

2711683. 

27®?'»*l. 

SJS»C’«DC9 
SOLIDS  (LuS/V8) 

JA71A17. 

I3u3o90. 

2299>*d. 

2626  36'.. 

2782.141. 

286*2)8. 

oar.AsiC 

NlTtOCtN  (LJS^»«) 

miA9. 

1A7030. 

176367. 

1)66*0. 

203 364. 

203  36*. 

AMMO'ilA 

MTROCe'l  (LbS/v«) 

71293. 

97718. 

lit 8 36. 

130644. 

1394  33. 

1 38*  3 3. 

total  ►OS»*«0«yS 

AS  R (LSS/TA) 

116368. 

13i‘T22. 

16623*. 

1666*9. 

1666*9. 

SUL^ATt  <LttS/v«) 

330006. 

36»716. 

••2061. 

*1*29*. 

62  376*. 

62376». 

CHLORioe  (Les/*«) 

37uO?9. 

•61*0*. 

66*070. 

619661. 

tSt43i. 

666*39. 

SLRARATC  SC«C> 

AREA 

NO.  OLMSTCO 

1970 

1130 

1990 

2000 

2010 

2020 

POPULATION 

•6361. 

70666. 

91390. 

107060. 

114*98. 

116793. 

FLOW  <NCO) 

• .99 

8. *9 

11. *2 

13.92 

16.03 

17.37 

000  ftS5/T«) 

282*fcA9. 

•6*2766. 

6imov. 

7*2*610. 

79*0*36. 

82*1666 

SUSPENOCO 
SOLIDS  (LBS/TS) 

2930216. 

•771720. 

6337835. 

7613995. 

B1«3333. 

8*62998 . 

OAOANIC 

NlTAOCtN  fLBS/'^t) 

2A1729. 

■ 376679. 

•37017. 

670623. 

610160 

617061. 

APHONIA 

UTROCEN  (LdS/TB) 

160601. 

250U3. 

32  3666. 

3790*6. 

• 06380  . 

*09966. 

TOTAL  P'K)SPfO«OS 
AS  P (LmS/t») 

I9J05S. 

299200. 

3869*6. 

•63292. 

«9«78*. 

*90267  . 

SOLFATt  (LBS/rt) 

607633. 

946606. 

122*214. 

1^3»1?2. 

1633767. 

166110*. 

CHLORIDE  (LBS/TR) 

761611. 

1186«82. 

163»*  ’7. 

1797636. 

1922*20. 

19**16  3. 

NEW  SEPARATE  SE*€R 

AREA 

MIODLEBUR&  hTS. 

1970 

n8o 

1990 

2000 

2010 

2020 

I6T>OJ. 

FLOJ  (HCO> 

1.3b 

1.98 

2.6* 

2.99 

3*3 

3.6) 

BOO  (LtfS/VR) 

767 J72. 

103*060. 

1370767. 

1696043. 

169907  3 

1760  »03. 

SUSPENDED 
SOLIDS  (LUS/TR) 

012612. 

111*162. 

l*0780*. 

16  3702  3. 

17*3786. 

1796798. 

CMGA>«|C 

NITROGEN  <LBS/’R) 

6690R. 

37928. 

108179. 

122667. 

1 3O66O. 

131093 

A»tf«)NlA 

NITROGEN  (L8S/*«? 

•3786. 

68*18. 

71372. 

8l«ll. 

86742. 

87096. 

TOTAL  P>«SP<W-5 
AS  P (Li»S/*R) 

62362, 

6»9C1. 

96960. 

97382. 

103733. 

10*166. 

SULFATE  (L3S/''R'» 

166662. 

221026. 

271929. 

3090  »6. 

3291 »0. 

329629. 

chloride  <l»S/’R? 

2076*2. 

277036. 

3*0837. 

386170. 

•11366. 

•1  303*. 

NEN  SEPARATE  S€««R 

ARE  A 

TABLL  A-6-3  (Cont’d.) 
ROCKY  RIVER  WATERSHED 


0ROOI.PARK. 

1^70 

U30 

1779 

2000 

2010 

2020 

POPULATION 

16«00. 

?3’0O. 

.27800. 

•3200. 

3L500. 

36800. 

FLOW  (HCO) 

1.90 

2.8« 

3.72 

5.62 

5.11 

5-52 

bOO  (Lb&/VR> 

10176?0. 

1557070. 

20122*5. 

2575)19. 

2531273. 

26192  38. 

SuSPt  NOtO 
SOLIDS  (LUS/VR) 

1077*90. 

1C0''H2. 

2066629. 

307*759. 

2597896. 

2686  398. 

ORCANtC 

NITROCtN  CLOS/rR) 

873>6. 

12LP77. 

15990*. 

239213. 

19*508. 

196107. 

AHHONtA 

NITROOLN  (LdS/TR) 

•jJOt*. 

91710. 

105507. 

1527*9. 

127228. 

130290. 

total  Pi«SPt<OMUS 

AS  P (LaSMR) 

b>A3®- 

1003A6. 

126173. 

182709. 

15*>*1. 

155911. 

SULFATE  (LttS/TR) 

219t8t). 

317A73. 

3>9l3t>. 

578b36. 

*99736. 

*72 75*. 

ChlORIDL  <LUS/tR) 

275196, 

3'T  *23. 

5003*2. 

725325. 

612835. 

617872. 

Ntu  SiPAAATE  SEwCR  AREA 

LAAbuOOO 

1970 

1780 

1770 

2000 

2010 

2020 

POPOLAT  lOI* 

.80632. 

91960. 

105*L*. 

1162*0. 

123032. 

12*79*. 

FLOW  (HCO) 

8.97 

11.02 

13.19 

15.11 

17.23 

19,72 

UOO  <Ll»S/'^R) 

5303?1«. 

60352''0. 

7121*56. 

80612*  3. 

9535736. 

6981500. 

SUSPENOCO 
SOLIDS  (LbS/VR) 

5297521. 

62903A5. 

7313927. 

8273380. 

9760360. 

•71092  30. 

ORr^NlC 

NITROf.EN  (LOS/»R) 

•27638, 

•90522. 

562019. 

619**3. 

65590*. 

66*97*. 

ammonia 

NITROGEN  CL0S/TR) 

285«79. 

3252  30. 

373395. 

*115*9. 

*35772. 

**1799. 

total  phosphorus 

AS  P (LuS/TR) 

3*1376. 

398735. 

• •65  3*. 

*92160. 

521127. 

528335. 

SULFATE  CLOS/TR) 

1030105. 

1230517. 

1*127*2. 

155709.**, 

16*97*3. 

16715*3. 

CMLORlOt  (LdS/TR) 

135  3811. 

15*2323. 

17707*0. 

195166-7. 

20665*5. 

2075122. 

NEW  SCPARATC  SCwCR  AREA 


A44 


( 

’ TABLE  A- 6- 3 (Cont’d.) 


aiAGRIN 

RUTR 

WATERSHED 

RAIRMOONT  RO 

19T0 

I960 

1990 

2000 

2:10 

2020 

POPOtATION 

628. 

12*30. 

16RS0 

2d:io. 

22«>80 

FLOW  (HCP) 

O.OT 

O.^R 

2.1R 

r.63 

3.R0 

WOO  (teS/TR) 

16967. 

2j«66«. 

839336. 

ll*09rT, 

:-fyr9o. 

161«2«8. 

SOSPENDCO 
SOLIDS  (LUS/VR) 

B1260. 

3023S0, 

862020. 

1170929, 

>r5t,j5. 

1655M8, 

organic 

NITROGEN  (LWS/TR) 

316T. 

66  2 39. 

87662. 

'.E'tTAO. 

120862, 

ANTONIA 

NITROGEN  (LBS/TR) 

???3. 

1M79. 

««038. 

5S2R1 

-3916, 

80298. 

TOTAL  P*«OSPnOR^/S 
AS  P (LBS/TR) 

26S9. 

16989. 

52629. 

69t«9 

»a937. 

96027. 

SULFATE  (LBS/TR) 

8R12. 

600T9 

166506. 

220 156 

:*.M1?. 

30)610. 

CHLORIDE  (LBS/TR) 

105«4. 

r.i3'’3. 

209730. 

2761)5. 

*9:  ir«. 

380797. 

NCW  SC^AAATE  StwEft  ARtA 


CTW^GRIN  FALLS 

1970 

IN8'’ 

1990 

2000 

2210 

2020 

POPULATION 

4606. 

6720. 

950’. 

112)9. 

:720«. 

12(>6ti, 

FLOW  (MGO) 

0.51 

0.81 

1.19 

1.46 

:.7i 

1.90 

BOD  (LBS/TR) 

. 265802. 

441504. 

641)60. 

779)55. 

*!t?*7. 

901502, 

SUSPEND!  D 
SOLIDS  (LUS/TR) 

302614. 

45  3769. 

659)10. 

799865. 

!.??20. 

924018. 

ORGANIC 

NITROGEN  (LBS/TR) 

24^45. 

35811. 

5066). 

59987. 

•-505. 

67497 

AHHONIA 

NITROGEN  (LBS/YR) 

^ 16)08. 

2)7)2. 

))660. 

)9V08. 

• V03. 

44844 

total  phosphorus 

AS  P (LOS/TR) 

19502. 

28452. 

4025). 

•7532. 

51672. 

5)628 

SULFATE  (LBS/YR) 

61700. 

90018. 

127)51. 

1505)9. 

;*:)479. 

169667 

CHLORIDE  (LBS/YR) 

77335. 

1128.^9. 

159622. 

186636. 

-'24905. 

212662 

I new  SEPARATE  SEWER  AREA 


A45 


TABLE  A-6-3  (Cont'd.) 


CHAGRIN  RIVER  WATERSHED 


AuaOIA  CENTRAL 

1970 

l’»83 

1990 

2000 

2013 

2020 

ROPOLAT ION 

1990. 

3136. 

65*9. 

11600. 

1R020. 

16285. 

PLOM  (N60) 

0.?2 

0.  38 

3.62 

1.51 

1.96 

2.** 

HOO  CL»S/T>) 

123*7/. 

230)35. 

**2221. 

8C*R60. 

972297. 

115908*. 

SOSPENOtO 
SOLIDS  (LtlS/TR) 

1307R3. 

211759. 

*5*173. 

825630. 

997873. 

118880*. 

ORCANIC 

NITROCEN  (LRS/TR) 

lObO^. 

lt.712. 

3* >00. 

61816. 

7*713. 

86763. 

AMMONIA 

NITROGEN  CLRS/TR) 

70«t. 

11103. 

23187. 

*1070. 

*9638. 

57t5T. 

TOTAL  P iOSPNOROS 
AS  P (LbS/*i) 

8R?6. 

13278. 

27728. 

*911*. 

59361. 

66951. 

SULPATE  (LSS/TR) 

266^7. 

*2009. 

87727. 

155398. 

137805. 

2181*6. 

CHLORIDE  (LBS/TR) 

33«12. 

52653. 

139958. 

19*76*. 

235  3?6. 

273*25. 

NCW  SEPARATE  SEWER  AREA 

HCPARLAND  creek 

1973 

1980 

1990 

2000 

2013 

2020 

PQPULAT ION 

1635. 

5227. 

1520b. 

20*26. 

25120. 

28630. 

PLOW  (HGD) 

0.18 

0.63 

1.90 

2.66 

3.52 

*.29 

bOD  (LUS/vR) 

101*52. 

3*3*1*. 

102B785. 

1*165*3. 

17*2073. 

2037739. 

SUSPENDED 
SOLIDS  (LOS/TR) 

137*19. 

352953. 

135*536. 

1*53820. 

1787915. 

2089988, 

ORGANIC 

NITROGEN  CLBS/TR) 

8713. 

27855. 

81031. 

109850. 

13386*. 

152569. 

AHHONIA 

NITROGEN  (LBS/TR) 

5789. 

1S50C. 

53817. 

72318. 

88937. 

10136*. 

TOTAL  PHOSP'ORUS 
AS  P (LOS/TR) 

6)23. 

22131. 

6R382. 

86R8*. 

106  353, 

121219. 

S'JLPATE  (LBS/TR) 

21902. 

70318. 

233692. 

273616. 

336*95. 

39  3513. 

CHLORIDE  (LBS/TR) 

27*52. 

87761. 

255309. 

3*2952. 

*21765. 

*83698. 

NLW  SEPARATE  SEWCR  AREA 

SOLON  northeast 

1973 

193G 

H90 

2000 

2013 

2020 

POPULATION 

1350. 

3150. 

5600. 

6900. 

8600. 

13000. 

PLCW  (Mf.O) 

0.15 

0.  38 

0.73 

0.90 

1.23 

1.53 

BOO  (LBS/TR) 

83707. 

20O955. 

3781R0. 

*79515. 

596*13. 

711750. 

SUSPENDED 
SOLIDS  (LBS/TR) 

83695. 

21/70*. 

398360. 

*91107. 

L12105. 

7 3COOO. 

ORGANIC 

NITROGEN  (lRS/TR) 

719*. 

16786. 

296*2. 

36770. 

•5829. 

5 3290. 

AMMONIA 

NITROGEN  (lBS/TR) 

• 780. 

11153. 

19827. 

2**29. 

30**8. 

35*05. 

TOTAL  P'OSPNORUS 
AS  P (LRS/TR) 

5716. 

13137. 

23710. 

29215. 

36*12. 

*23*0. 

SULPATE  (LBS/TR) 

1838*. 

*2196. 

75015. 

92*23. 

115201. 

133V55. 

CHLORIDE  (LBS/TR) 

22660. 

52968. 

9*02*. 

115951. 

1**39*. 

167*00. 

NCW  se^AKATf  SCWEt  A«CA 


TABLE  A-6-3  (Cont'd.) 
CUYAIIOGA  RIVER  IVATERSllED 


HlOPCEMCLO 

1970 

l'<80 

1990 

2000 

2010 

2020 

RORUtAT ION 

1700. 

3000. 

*700. 

6200. 

7000. 

8200. 

RLOW  (HT.D) 

0.1') 

0.  36 

0.53 

0.63 

0.93 

1.23 

000  (LBS/TR) 

p?no. 

317367. 

360620. 

*86*60. 

58 3635. 

SUSRENDCO 
SOLIOS  (LBS/VB) 

1116)0. 

202575. 

3259*5. 

370110. 

*90225. 

599600. 

ORGANIC 

NITROCEW  (LBS/ri) 

yo^9. 

16)07. 

260*6. 

27711. 

37303. 

*3698. 

AMMONIA 

NITROGEN  (LBS/TR) 

bOl). 

10621. 

l6t)*Q. 

10*11. 

2*793. 

290  32. 

TOTAL  R'OSRMORoS 
AS  R <EUS/TR) 

7H8. 

12702. 

19900. 

22017, 

29638. 

3*719. 

SJLRATE  (LBS/TR) 

22772. 

•0136. 

6296). 

69667. 

93769. 

1096*  3- 

CaORlOE  CLdS/TR) 

296*3. 

60370. 

TB>13. 

87303. 

117630. 

137678. 

NEW  SEPARATE  SEWER  AREA 

BURTON 

1970 

1990 

2000 

2010 

2020 

POPULATION 

1100. 

2100. 

2)00. 

3500. 

*200. 

5100. 

PLOW  (MCO) 

0.12 

0.25 

0.36 

0.*5 

0.69 

0.76 

UOO  (LUS/YK) 

68266. 

137)70, 

195022. 

2*2726. 

291270. 

362992- 

SUSPtNOtO 
SOLIDS  (LOS/TR) 

72270. 

1*1302. 

201116. 

2*9112. 

290)36. 

372  300. 

ORGANIC 

NITROGEN  fL9S/TR> 

6.962. 

11191. 

15*5*. 

10651. 

22382. 

27178. 

AMMONIA 

NITROGEN  f\.  'S/TRJ 

3095. 

7*35. 

10267. 

12392. 

1*370. 

19057. 

Total  p lOGP'tORirt 

*S  P (LOS/YR) 

• 667. 

8091. 

12279. 

1*019. 

215)3. 

SULFATE  (LBS/YR) 

1*735. 

20131. 

380*7. 

*608*. 

56261. 

69317. 

CHLORIDE  (L8S/YR) 

16*69. 

35259. 

•9631. 

50766. 

7U513. 

85629. 

NErf  StPAOATC  SEWER  AREA 


MANTUA 

1970 

l'.»90 

1990 

2000 

2010 

2020 

POPULATIO** 

1*«0. 

1850. 

2330. 

2)*0. 

36JO. 

3)75. 

PLOW  (MOD) 

0.16 

0.22 

0.  30 

0.  38 

0.61 

0.60 

BOO  CLBS/TR) 

89  352. 

1216*5. 

16070). 

20388  ). 

2610*7. 

282>20 

SUSPENDED 
SOLIDS  UDS)t*> 

9*608. 

12*)2l. 

165053. 

20926*. 

26766  3. 

290175. 

ORGANIC 

NITROGEN  (LBS/TR) 

767*. 

9859. 

1269  3. 

15667. 

19291. 

21193. 

AMKlHIA 

NITROGEN  (LBS/TR) 

5098. 

6550. 

8*26. 

10*09. 

12817. 

1*073. 

total  RhOSR»*ORU5 
AS  R (LBS/YR) 

6097. 

7913. 

10077. 

12**0. 

16V7. 

168  30. 

SULPATE  (LBS/YR) 

19290. 

2*782. 

31981. 

39393. 

•9*92. 

532  * 7. 

CHLORIDE  CLRS)Yt) 

2*178. 

31061. 

39960. 

*9  36  3. 

■ 60700. 

667*0. 

MEW  SERARAre  SEVER  AREA 


TABLE  A-6-3  (Cont’d.) 
CUYAHOGA  RIVER  WATERSHED 


SHALCtSvliLC  1970  19§0  i990  ?000  2010  2020 


^^JLAT  lOM 

29?2. 

•?30. 

9464 

6)00. 

9040. 

8930.  ] 

rLOw  (Mr.D) 

0.31 

O.R) 

0.69 

0,90 

1.11 

1.32  ] 

t»OU  (LVS/VI) 

18^011. 

2l9:96. 

369)96 

479919. 

997974. 

628479. 

'»oio 

SOUOS  (LUS/TR) 

19^917. 

279902. 

379)28 

4)1107. 

972247. 

644990. 

OSCAHIC 

UlTROCiN  <L«$/rR) 

i'>an. 

21742. 

29119 

36773. 

42949, 

47099. 

AHHU*«IA 

rtlT«OG(r<  (LbS/VA) 

ior>^3. 

14449. 

U3«9 

244?9. 

■*9466. 

31263. 

total  BiOSAr«OAOS 
AS  p (Las/TR> 

12626. 

17279. 

2 3139 

29219. 

34041. 

37386. 

SJI.FATC  (L8S/TR) 

399*^. 

946->4. 

73193 

92429. 

107700. 

118292. 

CMLORIOE  (LBS/TR) 

90068. 

69901. 

91740 

119991. 

13«')9l. 

148296. 

’4EM  SEPARATE  SEWER 

AREA 

TWIN  LAKES 

1970 

1930 

1990 

2003 

2010 

2020 

POPULATlOf* 

0. 

1C30. 

222b. 

2809. 

32  8 2. 

398), 

FLOW  (H&O) 

0.00 

0.20 

0.28 

0.36 

0.46 

0.94 

bOO  (LbS/TR) 

0. 

119376. 

190311. 

U«927. 

227607. 

299447 

SjSPLf.OtO 
SOLUS  (LUS/TR) 

0. 

113442. 

194373. 

1)9646. 

233^)6. 

261)97 , 

oaCASIC 

UlTROr.Ct,  (tbS/YR) 

0. 

3)93. 

11862. 

14)43. 

174)0. 

19126. 

Ar'HONU 

UlTROr.tN  Clbs/yr) 

0. 

9)49. 

7801. 

9931. 

11620. 

12707. 

TOTAL  PH0SP>«0RUS 
AS  P (LOS/YR) 

0. 

7113. 

9429. 

11976. 

133)6. 

19196, 

sulfate  (LBS/YR) 

0. 

22904. 

2)913. 

37974. 

43)64. 

49076 

CHLOStOt  (LBS/YR) 

0. 

28237. 

37379. 

470)6. 

99109. 

6029) 

NE;J  separate  sewer  AREA 

RAVE  NT iA 

1970 

1980 

1)90 

2000 

2010 

2020 

POP’JLATIOfl 

13449. 

2232*. 

37160. 

98690. 

69220. 

7*319. 

FLOW  (HT.O) 

1.49 

2.69 

4.64 

7.62 

).99 

11.15 

BOO  (LdS/YR) 

83*262. 

I4b6696 . 

290)229. 

4067370. 

•731099. 

9289368, 

SuSPE'«0t0 
SOLIOS  <Lc»S/YR) 

883336. 

1907*27. 

2977049. 

417**12. 

•899997- 

9*2*993. 

ORGANIC 

NITROGEN  (LdS/YR) 

716*8. 

118 >69. 

198020. 

3129*6. 

36  39*4. 

3)6029, 

AMMONIA 

NITROGEN  (LBS/YR) 

*7602. 

7)038. 

131)69. 

207690. 

2*1933. 

203112. 

total  P'«0SP>«0RUS 
AS  p CtBS/YR) 

96926. 

94920. 

137339. 

2*8324. 

2808*3. 

314690. 

SULFATE  ELBS/YR> 

180102. 

2)90*1. 

*97777. 

7896*6. 

'»n941. 

999*86 

CMLORIOE  (LBS/YR) 

2297*1. 

374820. 

623)16. 

98*733. 

1149413. 

12*77*8. 

St^MATC  SCWC*  AICA 


TABLE  A-6-3  (Cont’d.) 
CUYAHOGA  RIVER  WATERSHED 


KENT 

i9ro 

1980 

1990 

2000 

2010 

2020 

«K>PULAT  ION 

2S)65. 

•oloo. 

56130. 

71990. 

05130. 

91700. 

fiOW  (NCO) 

2. 7“) 

• .90 

7.01 

9.35 

11.91 

1*.06 

bOO  (Lti$/Tl) 

157W17. 

2083559. 

3788152. 

• 906263. 

5)01683. 

666)0)6. 

Sl/SPENDCO 
SOLU>S  (LHS/r«) 

166(>B80. 

2755020. 

3890533. 

5117*31. 

6050991. 

6B60098.  V 

OCCAM  I C 

NITIO^En  (LbS/Tt) 

nsiTo. 

217*23. 

293957. 

30  3155. 

•53*98. 

.■)93J7. 

AMHOMtA 

NiTKOCtN  (LSS/TA) 

8>8D5. 

1***52. 

198622. 

25*562. 

331296. 

3317*5. 

TOTAL  PhOSPHOAUS 
AS  P (LBi/rt) 

1727*7. 

237527. 

30**2«. 

360313. 

396726. 

SULFATE  (LBS/TR) 

linTT. 

5«6536. 

751*87. 

963130. 

1139957. 

1255153. 

CHLORIDE  (LBS/TR) 

*2^878. 

6350  32. 

9*1919. 

1207200. 

1*28828. 

1573222. 

NEW  SEPARATE  SEWER  AREA 

PISH  CREEK 

1970 

1/89 

1990 

2000 

2019 

2020 

POPULAT ION 

7659. 

2«0«1. 

«2«62. 

•/60». 

5«690. 

50900. 

FLOW  (NCD) 

0.8* 

2.63 

5.31 

6. *5 

7.6o 

8.53 

bOO  (LbS/TR) 

«7V2*1. 

157.J«93. 

2S672bB. 

3««30  36. 

3792750. 

•0*9856. 

SUSPENDED 
SOLIDS  (LbS/TR) 

503196. 

1623367. 

29**739. 

353056  3. 

38)2559. 

•153690. 

ORCASIC 

NITROGEN  (LbS/TR) 

•0615. 

12BU*. 

22620C.- 

26b3*3. 

29l**3. 

303220. 

AHK)Nt  A 

NITROGEN  (LBS/TR) 

27117. 

05117. 

150337. 

175623. 

1936  30. 

201*5*  . 

TOTAL  PHOSPHORUS 
AS  P (LbS/TR) 

32R28. 

10178>. 

17978b. 

210023. 

231557. 

2*0)1*. 

SULFATE  (LBS/TR) 

102596. 

32?9*1. 

563800. 

66**70. 

7 32090. 

76220*. 

CHLORIDE  (LBS/TR) 

120595. 

•035*8. 

712/37. 

832051. 

9192*5. 

955  3M. 

NEU  SEPARATE  SEWER  AREA 

MUOSON  SOL 

1970 

1980 

1990 

2000 

2319 

2020 

POPULAT ION 

• 860. 

83*0. 

11500. 

IblOO. 

17600. 

20600. 

FLOW  (MGO) 

0.53 

1.06 

!.•• 

1.33 

2. *6 

3.09 

BOO  (LBS/TR) 

301563. 

530783. 

776537. 

977035. 

1220559. 

1*6620*. 

SUSPENOCO 
SOLIOS  (LBS/TR) 

319302. 

596921. 

797525. 

100 3567. 

1252679. 

1503770. 

OCCANIC 

HITROCCN  (LBS/TR) 

25399. 

•7198. 

61283. 

7513>. 

937 »0. 

109777. 

AHKINIA 

NITROGEN  (LbS/TR) 

17207. 

nJ9«. 

•07 16. 

•9921. 

62313. 

729  3*. 

total  PhOSP'«0«US 
AS  P (LbS/TR) 

20577. 

37*29. 

•8691. 

59699. 

7*518. 

872.’0. 

SULFATE  (LbS/TR) 

65192. 

118*lb. 

15*0*8. 

103076. 

235761. 

2759*7. 

ChlORIOC  (LBS/TR) 

61599. 

1«9«23. 

njoss. 

2 36737. 

29553*. 

3*587*. 

N(W  StPMATC  MtA 


A49 


TABLE  A-6-3  (Cont'd.) 


A«AON 

CUYAHOGA 

uro 

RIVER 

1990 

IVATER^HED 

1990 

2000 

2010 

2020 

POAtjLATION 

3**977. 

37tjW 

*18?11. 

*633''*. 

*70361. 

*7100v  . 

rtOW  (HCP) 

i3.90 

to.n 

bi.^9 

76.16 

80.90 

82.** 

•UO  (LAS/VV) 

1339?000. 

J060U70 

24«?3^JO. 

26*7: >*o. 

291569)0. 

2922)700. 

SJS^LNOCD 
SOLIPS  (ms/Tf) 

31'j8')700, 

366  3‘>?bO. 

39709*10. 

*29  2 0 * 30. 

*298*9*0. 

ORGANIC 

HITtO&EN  ClS$/YR> 

15378*9. 

20o<>2e>o 

???86*^. 

2*16666. 

2630663. 

2610120, 

AH>«N|A 

NiTtOCtN  (LSS/Tt) 

1^?1037. 

133? 

1*5*1676. 

160*122. 

1066312. 

1667816. 

TOTAL 

AS  A (LOS/YR) 

I*b0?0-). 

1591PJJ 

177070*. 

1919285. 

19)1607. 

1)')*601. 

SJLTATC  (L«S/vR) 

*5n7?9. 

'j0«06l8. 

S6021**. 

6072232. 

639371). 

631019). 

CXLORIOE  (LdS/TR) 

57'i0*8*. 

631TT*!. 

7021761, 

7610172. 

7097360. 

79092 10. 

COWINCO  SErfCR  A«EA 


mccod«iA 

1970 

n8o 

1990 

2000 

2010 

2020 

ROR<JLATIO«( 

906*. 

138*5. 

26667. 

30620. 

33169. 

36666, 

fLO-  (HCO) 

1.00 

2.26 

3.19 

3.97 

a. 6* 

1.33 

SOD  (LBS/rR) 
SUSRiNOCD 

662*21. 

12  38  3 1 3. 

1726735. 

2116660. 

2300269. 

2631*09, 

SOLIDS  <LUS/rR) 
ORGANIC 

596606. 

1272711. 

1772377. 

2172260. 

2360802. 

2696317, 

NITROGEN  (LBS/TR) 

A19R3N  1 A 

*8302. 

100**1. 

136193. 

1626*1. 

176763. 

189631. 

NITROGEN  (LBS/TR) 
TOIAL  »**»OS*»hOROS 

32091. 

66731. 

90*9*. 

10806b. 

117*36. 

125921. 

AS  R (LBS/TR) 

38377. 

7'»902. 

108208. 

12)222. 

1*0*37. 

150636. 

SULFATE  (LBS/TR) 

121*17. 

3*23*9. 

*09831. 

*•*316. 

*76*2*. 

CHLORIDE  (LBS/TR) 

NEW  SCRARATE  SEWER  AREA 

16?19*. 

•29192. 

612*31. 

656907. 

697163. 

uiecNwooo 

1970 

l')80 

1990 

2000 

2010 

2020 

RORULATION 

2999. 

*660. 

6090. 

02*0. 

9600, 

10160, 

FLOW  (NCO) 

0.33 

0.65 

0.76 

1.07 

1.3* 

1.52 

BOO  (LBS/TR) 

186098. 

2n'»692. 

•1066?. 

571***. 

666760. 

723138 

SUSRCNOCO 
SOLIDS  (LBS/TR) 

1970  3*. 

30791*. 

*216*8. 

686*0.'’. 

63 3780, 

7*16S9, 

ORGANIC 

NITROGEN  (LBS/TR) 

16982. 

2* 300. 

32*00. 

*3911. 

61163. 

6*1*3, 

AMMONIA 

NITROGEN  (LbS/TR> 

10619. 

161*6. 

2162b. 

2917*. 

3390). 

36'<71, 

total  RtOSRiwjRDS 
AS  R (LBS/TR) 

126)8. 

19  307. 

267*3. 

3*598. 

*06*6. 

*3017 

SULRATE  (LBS/TR) 

*0173. 

61083. 

91**6. 

110371. 

128697. 

1360)8, 

CHLORIOC  (LBS/TR) 

50  353. 

76667. 

10  2081. 

1 383*9. 

16118*. 

170686. 

NEW  SCRARATE  SEWER  AREA 

ASO 


TABLE  A-6-5  (Cont'd.) 
CUYA}IOGA  RIVER  WATERS>IED 


srtccrsaoAo 

1970 

1980 

1990 

2000 

2010 

2020 

POAUCAT ION 

*779. 

8950. 

12595. 

15535. 

18120. 

19850. 

Alow  (mco) 

0.51 

1.07 

1.57 

2.03 

2.5* 

2.98 

•OO  (LUS/VA) 

290537. 

583015, 

850*77. 

1080819. 

1256621. 

1^12023. 

SUSAiHOCO 
SOLUS  (L«S/TI) 

313980. 

60*3*9. 

873*63. 

1109262. 

128)690. 

1^«90^9. 

oaoANic 

NiTtOOCN  (U»S/TA) 

25*bT. 

*7695. 

67119. 

83052. 

96561. 

105781. 

ANKA4IA 

NiraOCEN  (LBS/VA) 

16920. 

31697. 

**593. 

55179. 

6«15*. 

70279. 

TOTAL  AH0SA»«A0S 
AS  A (LBS/VA) 

2023*. 

3789*. 

53327. 

65987. 

76720. 

8«0«5. 

SULAATC  (L8S/TA) 

6*017. 

ll=»990. 

163716. 

208769. 

2*2726. 

265)01. 

CMLOAIOC  (LBS/TA) 

80239. 

150270. 

211*70. 

261672. 

30*2  35. 

333281. 

NEW  SCAAAATC  SCWCA  AACA 

AuftOAA  WCSTCRLV 

1970 

1)30 

1)90 

2000 

2010 

2020 

AOAOLATIOM 

1570. 

10*28. 

15565. 

20*72. 

2*621. 

25795. 

ALOW  (MCO> 

0.17 

1.25 

1.95 

2.66 

3.*5 

3.90 

eOD  (LBS/TA) 

97*19. 

685120. 

1951026. 

1*19733. 

1707*65. 

1850193. 

SUSACNOCO 
SOLIDS  (LSS/TA) 

1031*9. 

70*151. 

1079*32. 

1*5707*. 

1752999. 

1897633. 

OAMNIC 

NITAOGEN  CLBS/YA) 

8367. 

55571. 

829*6. 

109095. 

131205. 

139527. 

AMMO»l  I A 

NITAOCCN  (LBS/TR) 

5559. 

36920. 

55108. 

72*31. 

8T171, 

920  35. 

TOTAL  P»*0$AM0AUS 
AS  A (LBS/TA) 

66*7. 

•*152. 

65902. 

86678. 

10*2*5. 

IIOO&3. 

SOLAAU  <LdS/TA) 

21031. 

139693. 

208501. 

27«233. 

32)810. 

3*9216. 

C'lLOAIOE  (LdS^TA) 

26360. 

175086. 

261336. 

3*3725. 

•13380. 

•36»56. 

NEm  SCAAAATb  SEWCA  AAEA 

TWINSBOAC 

1)70 

1)80 

1990 

2000 

2010 

2020 

aoaolatioh 

6*32. 

91*0. 

12690. 

1**59. 

15^50. 

15670. 

ALON  (NT.o) 

0.71 

1.10 

’.59 

1.88 

2.16 

2.35 

BOO  (LBS/TA) 

3)9106. 

600*98. 

656872. 

1002107. 

1071^57. 

1115312. 

SOSPE*<OLO 
SOLUS  (LUS/TA) 

*22582. 

617 178. 

880051. 

1028*77. 

10)9653. 

11*3)09. 

0AGA>«IC 

NITAOCCN  (LbS/TA) 

3*2’6. 

•3707, 

67625. 

7700*. 

82333. 

83505. 

AMMONIA 

NITAOCCN  (LBS/TA) 

22772. 

32  360. 

**929. 

51160. 

5*701. 

55*80. 

total  amosahoaos 

AS  A (LBS/yA) 

27233. 

38699. 

53729. 

61161. 

65^15. 

66  3«7. 

SULAATC  (LBS/YA) 

86160. 

122*35. 

16)989. 

173565. 

206960. 

20>9C7. 

Cl«.OatOC  <LBS/YA) 

107993. 

153*61. 

213065. 

2*2615. 

257«05. 

26  30)9. 

SfFMATC  )EWCI  MCA 


A51 


TABLE  A-6-5  (Cont'd.) 


CUY 

AHOGA 

RIVER 

WATERSHED 

SOION  CCNTAAL 

19T0 

1990 

1990 

2000 

2010 

2020 

W^OCATION 

10720. 

12925. 

1*190. 

13920. 

12600, 

FLOW  (HCO) 

0.91 

1.29 

1.62 

1.8* 

1.93 

1.89 

aoO  (LII>/TR) 

511912. 

70R)0*. 

872761. 

98*076. 

959*17. 

896805. 

SlAFtsDEO 
SOUQS  (LOS/TR) 

5*2025. 

7219C9, 

8963*9. 

1009973. 

9836  39. 

919800. 

OaCANiC 

NITVOGEN  (LBS/TR) 

•196*. 

57127. 

63977. 

75618. 

736*7. 

671*5 

ATIHDNIA 

NITROGEN  (LBS/TR) 

29209. 

3795* 

*5761. 

502*0. 

*9930. 

**610. 

total  P'K)$Fho«uS 

AS  P fL8S/?*> 

9*930. 

*5  398. 

5*72*. 

60000. 

5951*. 

533*8. 

SULFATE  (LBS/TR) 

110513. 

1*3600 

173137. 

190092. 

185126. 

169783. 

chloride  (LbS/TR> 

138517. 

179939 

217011. 

238250. 

232038. 

21155* 

NEW  SEPARATE  SEwER 

AREA 

BEDFORD  HTS. 

1970 

nso 

1990 

2000 

2010 

2020 

POPOLATIOn 

13219. 

21R27 

2782R. 

32030. 

3*290. 

3**00, 

FLOW  (MOO) 

l.*5 

2.57 

3. *9 

*.16 

R.8T 

5.17 

BOO  (LBS/TR) 

820239. 

1*07753. 

187801R. 

2221290. 

2377317. 

2*5*92*. 

SUSPENDED 
SOLIDS  (LUS/TR) 

8t>0«88. 

l**oB50. 

1929593. 

227973*. 

2* 3)078. 

2517769, 

oacvuc 

NITROGEN  (LBS/TR) 

70RRR. 

11*13*. 

1*927*. 

170698. 

182078. 

183797, 

AHMONIA 

nitrogen  (LBS/TR) 

*0002. 

75362 

98511. 

113*02. 

1213C8. 

122112. 

TOTAL  PHOSPHORUS 
AS  P (LBS/TR) 

55969. 

90722. 

117807. 

135615. 

1*51*1. 

l*G031 

SULFATE  CLOS/TR) 

177075. 

287025 

372716. 

*2)058. 

*59199. 

*62011, 

C»«LORIOE  (LBS/'^R) 

2219*7. 

35^759 

*67165. 

53778*. 

575561. 

579097 

NEW  SEPARATE  SEWER 

AREA 

BEDFORD 

1970 

1 j9o 

1990 

2000 

2010 

2020 

POPULAT ION 

17552. 

20500. 

2 3900. 

26*00. 

27800. 

27800, 

FLOW  (HT.O) 

2.7* 

3.28 

3.92 

*.** 

• .79 

*.86 

BOO  (LBS/TR) 

960972. 

112237*. 

1395760. 

15*1760. 

172*990. 

172*  j90. 

SUSPENDED 
SOLIDS  (LBS/TR) 

1*73*90. 

1720975. 

20930*0. 

23l26*n. 

2536750. 

2536750, 

ORGANIC 

NITROGEN  (LUS/TR) 

935  3*. 

1092**. 

127363. 

1*0606. 

1*81*6. 

1*8i*6 

AHNONIA 

NITROGEN  (LBS/TR) 

621*3 

72580. 

8*618. 

73*69. 

98*26. 

98*26 

total  phosphorus 

AS  P (LBS/TR) 

7*315. 

8(,797. 

101192. 

111777. 

117705. 

117705 

SULFATE  (LBS/TR) 

235118. 

27*600. 

320152. 

35  36*1. 

372  3)5. 

372  3 )5 

CHLORIDE  (LBS/TR) 

29*699. 

3**195. 

•01201. 

• *3256. 

*66762. 

*66762 

CCMtNEO  SCWEI  AACA 


( 

AS2  I 


r 


TABLt-:  A-b-3  (Cont'd.J 


1 


CUYAflOGA 

RIVER 

jVATIiRSllED 

SOUT  tERL'' 

1070 

1 »99 

2P')') 

2019 

2020 

POPULATION 

6F1?0'. 

, 811562?. 

0261,10. 

•7  3?‘.  1. 

‘7111*'. 

FLOU  fnCD) 

117. tl5 

138.68 

1*'?.1  • 

179.52 

aon  (Lus/YR) 

35^*3  3^60. 

.9181100. 

^219111.0. 

60162130. 

SUSPENDED 
SOLIDS  CLSS/YR) 

5^».6697J. 

61621610 

7l376«'jO. 

81101'lic. 

8880)130. 

9e’}:«9lO. 

OROAMC 

tilTROGEN  (LflS/YR) 

3‘*70291. 

3'^11773 

. 1506319. 

19 y 908. 

5:86-61. 

5192631. 

1 

1 

Aiv-icr.iA 

MTRUCEN  CLUS/YR) 

230560b. 

2593916 

2993023. 

3280959. 

3115801. 

111/897. 

TOTAL  PHOSPHORUS 
AS  P CLUS/YR) 

2757213. 

3107N83 

3530161. 

3022515. 

1120751. 

1125650. 

SULFATE  CLOS/YR) 

372326>. 

083101s 

U3?753‘l. 

12110120. 

13037210, 

13052710. 

CHLORIDE  (LDS/YR) 

10933800. 

12121176'’ 

lil>7590. 

1'.  5519  30. 

16  31}923. 

I6I60313. 

1 

COMBINED  SEWER  AREA 

RICHFIELD 

1970 

1930 

1)90 

2000 

2010 

20?'J 

u 

1 

POPULATION 

0. 

5560. 

38  So. 

10620. 

11130. 

12150. 

1 

flow  cmgd) 

0.00 

0.67 

1.11 

1.3? 

1.6'j 

1.82 

BOD  CLBS/YR) 

0. 

365292. 

599622. 

736197. 

792670. 

861776. 

SUSPENDED 
SOLIDS  CLDS/YR) 

0. 

375139. 

615E28. 

755878. 

813530. 

880950. 

1 

ORGANIC 

NITROGEN  CL0S/YH) 

3. 

29629. 

17322. 

56591 . 

60910. 

61717. 

AKHOMA 

NITROGEN  (LUS/YR) 

0. 

19685. 

31110. 

37600. 

‘40160. 

13C17. 

TOTAL  PHOSPHORUS 
AS  P CLUS/YR) 

0. 

215111. 

37598. 

11965. 

13195. 

51113. 

- 

SULFATE  (LOS/YR) 

0. 

711H79. 

118952. 

153115. 

162755. 

CHLORIDE  (LBS/YR) 

0 . 

>3352. 

119095. 

178110. 

141910. 

20  3998. 

1 


TABLE  A-6-4 


MUNICIPAL  WASTE 

LOAD  PROJKCriONS 

Year 

1 

i 

Constituent 

Watershed 

\970 

I990~'  ‘ 

2000 

2010  1 

Populat  ion 

Chagrin 

10,209 

22,718 

49.292 

66,614 

“ 1 
79,*i 

Cuyahoga 

1,115,702 

1,316,854 

1,556,035 

1,745,725 

l,857,n 

Rocky 

208,001 

301,029 

381,115 

.^40,  360 

981. a 

Lake  Eric 

829,736 

936,870 

1,092,055 

1,210,188 

l,292.i 

TOTAL 

2,163,648 

2,577,471 

3,078,437 

3,462,887 

Flow  (mc;d) 

Chagrin 

1.12 

2.73 

6. 16 

8.66 

Cuyahoga 

169.36 

203.26 

244.73 

280. 38 

Rocky 

22.88 

36.12 

47.64 

57.25 

bra 

Lake  Erie 

119.55 

138. 54 

164.89 

187.07 

TOTAL 

312.91 

BOD  (Lbs/Yr.) 

Chagrin 
Cuyahoga 
Rocky 
Lake  Erie 

633,468 

61,829,710 

12,906,460 

46,997,300 

TOTAL 

122,366,938 

Suspended 
Solids  (Lbs/Yr.) 

Chagrin 
Cuyahoga 
Rocky 
Lake  Erie 

670,731 

91,800,514 

13,665,660 

65,733,090 

TOTAL 

171,869,995 

Organic 

Nitrogen  (Lbs/Yr.) 

Chagrin 
Cuyahoga 
Rocky 
Lake  Erie 

54,404 

5,945,575 

1,108,43? 

4,421,661 

TOTAL 

11,530,077 

Aimonia 

Nl t rogen  (Lbs/Yr . ) 

Cha  grin 
Cuyahoga 
Rocky 
Lake  Erie 

36,145 
3,950, 142 
736,427 
2,937,679 

TO-FAL 

7,660,393 

Total  Phosphorus 
as  P (Lbs/Yr. ) 

( h.jgr  ui 
Cuya hoga 
Rocky 
Lake  Erie 

'•3,225 

4,721,881 

880,676 

3,513,100 

TOTAL 

9, 160,882 

1 


380.65 

463.42 

533.36 

59l| 

1 .492,572 
74,134,500 
19,777,600 
54,404,030 

3,328,422 

93,320,710 

25,734,770 

67,099,670 

-.619,679 

105,668,760 

30,538,940 

73.357,760 

5,546, 

1 18,093,; 
33,404,; 
83,681,: 

149,808,702 

189,483,592 

216,185,139 

2-0.725,i 

1,534,032 

107,494,700 

20,326,980 

73,984,560 

3,418.398 

126,699.048 

26,430,300 

89,016,610 

4,741,250 
1-2,201,377 
11,  142,610 
98,988, 190 

5,692,: 

151.007,1 

34.283,; 

108,287,; 

203,340,272 

,/ 

245,564,356 

277,273,427 

299,270, 

121,064 

7,017,515 

1,604,183 

4,992,578 

262,677 

8,292,110 

2,030,961 

5,819,559 

I5-,4,H6 

102,968 

1-6,677 

6,-49,090 

426, i 
9,899.! 
2,566,1 
6,866,; 

13,735,340 

16,  '.05,307 

18,-53,721 

19,759,1 

80.433 
-.662,320 
1 ,065,793 
3,316,986 

17  .,518 
5,509,140 
1 . 149, 337 
3,866,-19 

235,8-7 
6,180,737 
1 , .■•9,1193 
.,28-,669 

283,1 

6.577.3 

1.705.3 
575,4 

9,125,532 

in,8*)v,414 

12,260, 1-6 

13,140,1 

96,188 

5,575,558 

1,274,556 

3,966,706 

208,702 
6,588,250 
1, 111  3,619 
4,623,759 

.'82,04.. 
'.155,89' 
1 , 864 , ,82 
5,121,911 

338,4 
7,597  ,1 
2,039,4 
5.471,11 

10,913,008 

13,014,  150 

14,-26,  156 

15,-47,ol 

TABLE  A-6-4 

AL  WASTE  LOAD  PROJECTIONS 
Year 


1990 

>000 

2010 

2020 

718 

49,292 

6b, 614 

79,974 

90,261 

854 

1,556,035 

1,745,725 

1,857,744 

1 ,885,929 

029 

381,115 

440,360 

481,683 

505,925 

870 

1,092,055 

1,210, 188 

1,292,205 

1,320,333 

471 

3,078,437 

3,462,887 

3,711,606 

3,802,448 

.73 

6.  16 

8.66 

11.20 

13.54 

.26 

244.73 

280.38 

307.17 

319.72 

. 12 

47.64 

57.25 

67.44 

75.89 

.54 

164.89 

187.07 

206.91 

219.24 

1.65 

463.42 

533.36 

592.72 

628.39 

572 

3,328,422 

-.619,679 

5,546,196 

6,424,325 

500 

93,320,710 

105,608, 760 

118,093,200 

120,787,330 

600 

25,734,770 

30,538,940 

33,404,700 

36,009,180 

030 

67,099,670 

73,357,760 

83,681,760 

86,870, 190 

702 

189,483,592 

216,185,139 

240,725,856 

250,091,025 

032 

700 

980 

560 

3,418,398 
126,699,048 
26,..  30. 300 
89,016,610 

4,741,250 

142,201,377 

31,342.610 

98,988,190 

5,692,147 

151,007,511 

34,283,760 

108,287,360 

6,589,051 

153,790,455 

36.932,500 

111,669,990 

272 

245,564,356 

277,273,427 

299,270,778 

308,981,996 

064 

515 

183 

578 

262,677 
8,292, 110 
2,030,961 
5,819,559 

154,986 
9, 302,968 
:, 146,677 
6,449,090 

426,181 

9,899,917 

2,566,888 

6,866,158 

481,001 

10,050,114 

2,696,073 

7,062,697 

340 

16, 205,307 

18,453,721 

19,759,14.. 

20,289,885 

433 

320 

793 

986 

174,518 
5,509,140 
1 . 349,337 
3,866,419 

215,827 

6,180,737 

1,559,093 

4,284,669 

283,148 

6,577,341 

1,705,398 

4,575.049 

319,569 

6,677,130 

1,791,226 

4,672,637 

532 

10,899,414 

12,260,146 

13,140,936 

13,462,562 

188 

558 

556 

706 

208,702 

8,588,250 

1,813,639 

2,623,759 

282,044 
7,155,89’ 
1 ,864,. 282 
5,121,913 

338,610 
7,597,766 
2,039,444 
5,271 , 194 

382,162 
7,698,8..7 
2,  U2,OS5 
5,611,45b 

)08 

1 3,014,  )50 

14,  .426, 156 

15,447,014 

15,834,553 

MUNICIPAL  WASTF:  LOAD  PROJEjCTIONS 


Constituent 

Watershed 

1970 

Sulphate  (Lbs/Yr.) 

Chagrin 
Cuyahoga 
Rocky 
Lake  Erie 

136,755 

14,945,388 

2,786,275 

11,114,725 

TOTAL 

28,983,143 

Chloride  (Lbs/Yr.) 

Chagrin 
Cuyahoga 
Rocky 
Lake  Erie 

171,409 

18.732,633 

3,492,335 

3,780.771 

TOTAL 

26,177,148 

Year 


1980 

1990 

2010 

304,319 

17,639,919 

4,032,433 

12,549,839 

660,291 

20,843,858 

5,105,225 

14,628,620 

892,328 

23,38^,856 

5,898,8^1 

16,211,072 

1,071,291 

24,885,402 

6,452,384 

17,309,729 

34,526,510 

41,237,994 

46,387,097 

49,718,806 

381,435 

22,109,974 

5,054,276 

5,150,768 

827,613 

26,125,810 

6,398,920 

6,943,185 

1,118, -.9 
29,310,713 
7,393,6-3 
8,298,770 

1,342,763 

31,191,500 

8,087,457 

9,393,853 

32.696,453 

40,295,528 

46,121,581 

50,015,573 

• % 
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^ WASTE  l.g\u  PROJECTIONS 


Year 


e 

1990 

2000 

2010 

2020 

Ls19 

660.291 

892,328 

1,071,291 

1,209,091 

i«19 

20.843,858 

23,38^,856 

24,885,402 

25,262,945 

^433 

5.105.225 

5.898,341 

6,452,384 

6,777,117 

^839 

14,628.620 

16,211.072 

17,309,729 

17,753,498 

pio 

41,237,994 

46.387.097 

49,718,806 

51,002,651 

|«5 

827,613 

1,118,449 

1,342,763 

1,515,481 

,974 

26, 125.810 

29,310,713 

31,191,500 

31.664,730 

J76 

6.398,920 

7. 393,6-3 

8,087,457 

8,494,479 

768 

6,943,185 

8,298,770 

9,393,853 

10,040,770 

A53 

-■*0,295,528 

46,121,581 

50,015,573 

51,715,460 

L 
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7.  Reuse  Potential  - Water  c|ualit\'  requirements  are  dejiendent  upon  the 
use  for  which  the  water  is  intended.  Tliroughout  the  study  area  the  water 
usage  varies  widely  from  the  industrialized  urban  areas  to  the  rural  farmlands. 

In  an  attempt  to  categorize  water  usage,  the  following  groups  were  selected: 

1.  Public  water  supply  - residential  and  commercial  consumption. 

2.  Irrigation. 

3.  Agricultural  - livestock  consimiption . 

4.  Recreation  - swimming,  boating,  etc. 

5.  Fish  - sustain  fish  and  other  aquatic  life. 

6.  Industrial  I - Cooling  Water. 

7.  Industrial  II  - Boiler  Feed  Water  (150-250  psi) . 

8.  Industrial  III  - Food  Processing  Industry'  consumption. 

9.  Industrial  IV  - Steel  Manufacture,  General  Industrial  consumption. 

Each  of  these  categories  requires  a different  quality  of  water.  The 

importance  of  defining  the  water  quality  criteria  is  to  give  insight  to  the 
potential  of  waters  in  regard  to  their  reuse  by  certain  water  consunq^tion 
categories.  Tables  A-7-1  and  A-7-2  summarize  the  allowable  values  of  various  water 
quality  parameters  by  water  usage  category.  The  princip le  sources  of  this  data 
were  Water  Quality  Criteria  by  McKee  and  Wolf  and  the  Report  of  the  Committee 
on  Water  Quality  Criteria,  F.W.P.C.A. 
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TABLIi  A- 7-1 


DOMESTIC  WATLR  QUALITY  RHQUI Rl-MnNTS 
Public 


Water 

Supply 

I rriga- 
tion 

Agricul- 

tural 

Recrea- 

tion 

FisI 

Biochemical  Oxygen  Demand 
(monthly  average),  mg/1 

1.5  - 2.5 

- 

- 

* 

★ 

Fecal  Co li form,  MPN  per 
100  ml  (monthly  average) 

5,000 

* 

★ 

200 

★ 

Dissolved  Oxygen,  mg/1 

* 

★ 

★ 

i 5 

pH  (average) 

6.0  - 8.5 

6-9 

* 6, 

.5  - 8.5 

6.0  - 

Chlorides  (max.)>  >>'g/ 1 

250 

100 

1500 

- 

400 

Fluorides,  mg/1 

1 . 7 

10.0 

1.0 

★ 

1.5 

Phenolic  Compounds,  (max.) 
mg/1 

.001 

50 

1000 

* 

0.2 

„ , , platinum-cobalt. 

Color,  units  ^ , ) 

standard 

75 

- 

- 

★ 

★ 

Turbidity,  Jackson  Units 

10  - 250 

- 

- 

★ 

50 

Ammonia,  mg/1 

0.5 

★ 

★ 

★ 

1.0 

Dissolved  Solids,  mg/ 1 

500 

1000 

2500 

★ 

2000 

Temperature,  °F 

85 

- 

- 

85 

<5°  gm 

monthly  avcraso 


*No  data  aval lablc 

-Not  a critical  parameter 
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TABU'.  A- 7- 2 


IN'DIISTRI  AL 

UATI;R  QUALITY 

Rr.QUlRLMHNTS 

I ndus t ri a 1 

I 

II 

III 

IV 

Coo  ling 

Boiler 

Food 

Stee 

Water 

Feed 

Processing 

Manu 

Turbidity,  Jackson  Units 

50 

10 

1-10 

* 

Hardness,  mg/1  as  CaCOs 

50 

40 

10-250 

* 

Iron,  mg/1 

0.5 

* 

0.2 

- 

Manganese,  mg/1 

0.5 

* 

0.2 

- 

Iron  and  Manganese,  mg/ 1 

0.5 

★ 

o 

ro 

o 

- 

pH 

b.5-7.5 

8.4 

■k 

5 - 9 

Fluoride,  mg/1 

* 

* 

1.0 

★ 

Dissolved  Solids,  mg/1 

★ 

50-3000 

850 

1500 

Chlorides,  mg/1 

„ , . , platinum-cobalt 

Color,  units  C * i i 

’ standard 

* 

) - 

★ 

50 

175 

2-80 

10 

Temperature,  °F 

*No  data  available 
-Not  a critical  pariimetcr 

100 

120 

•k 

100 

J 


J 
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There  are  several  areas  where  reuse  is  presently  being  practiced  either 
directly  or  indirectly.  In  the  lower  Cuyahoga  River  area,  the  effluent  from 
the  Southerly  Plant  along  w'itli  the  flow  of  Cuyahoga  River  water  is  being  used 
for  cooling  purposes.  In  tl\e  upper  Cuyahoga  and  in  the  Rocky  and  the  Chagrin 
Rivers  water  is  witlulrawn  for  public  water  supply,  and  at  least  part  of  tti? 
volume  withdrawn  has  had  prior  use.  Kith  development  of  tlie  upper  watersJieds, 
it  will  become  even  more  critical  in  the  future  to  protect  this  reuse  require- 
ment by  improving  wastewater  treatment.  Table  A-7-3  shows  withdrawal  and 
upstream  uses. 


8.  Stream  I'low  Qualitv  - The  feasibility  report  indicates  major  stream 
quality  conditions  and  Fiyure  A-8-1  indicates  the  general  water  quality  zones. 
Additional  information  on  the  Cuyahoga  River  indicates  that  the  reach  from 
the  Ohio  lidison  dam  to  the  confluence  with  the  Little  Cuyahoga  River  does 
not  continuously  meet  the  temperature  standard  for  Aquatic  Life  "A",  stated 
in  the  Feasibility  Report. 

The  stream  water  quality  criteria  has  been  revised  by  the  Ohio  hater 
Pollution  Control  Board.  The  revision  upgrades  the  Aquatic  Life  "B"  classi- 
fication to  Aquatic  Life  ".V  class,  and  modifies  the  industrial  water  supply, 
recreation,  and  aquatic  life  criteria.  The  most  recent  water  quality  criteria 
is  shown  in  Table  A-8-1. 
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Lakes,  currently  in 
use  for  swinuning  and 
water  contact  sports 


CHAGRIN  RIVER  OHIO  DEPARTMENT  OF  HEALTH  STANDARDS 


Temperature;  90°F.  (Max.)  limit. 
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9.  Sediment  Deposits  in  tlie  TIn’ee  Rivers  Waterslied  Area  - Sediment 
deposits  occur  along  rivers  and  streanvs  where  the  vclocit)-  of  the  river  is 
reduced  due  to  an  increase  in  cross  sectional  area.  This  can  be  caused  bv 


natural  formations  or  man-made  dams  or  impoundments.  Tables  A-9-1,  A-9-2 
and  A-9-3  tabulate  tlie  characteristics  of  the  impoundments  in  the  Chagrin 
River  Basin,  the  Cuyahoga  River  Basin,  and  the  Rocky  River  Basin,  respectively. 
Table  A-9-4  lists  the  Natural  Lakes  and  Impoundments  for  each  of  the  watersheds. 


Following  is  a written  description  of  the  sediment  dejiosit  areas  by 

watershed.  i 

1 


a.  CiL\r,RIN  RIVER 


Main  Branch  - Bass  Lake  to  Aurora  Branch 

Bass  Lake  - Tlio  outlet  for  several  miles  has  a low  gradient  and 
has  been  dredged.  Most  recent  dredging  or  channeling  is  in  the  Butter- 
nut Road-Cochran  Road  reach.  Banks  and  substrate  are  not  stable  and 
contribute  silt  and  organics  to  the  stream  flow. 

Chagrin  Falls  - Chase  Bag  Co.  Two  impoundments,  approximately 
ten  feet  deep.  A third  d:un,  ten  feet  in  height,  but  holding  a narrow 
pool  of  an  estimated  five  or  six  acres,  is  located  below  the  Chase 
Bag  Co.  impoundment  and  in  the  center  of  the  town.  It  also  is  nearly 
full,  but  flushing  action  of  liigh  flows  keeps  the  pool  depths  at  an 
estimated  one  to  three  foot  depth.  Much  of  the  fill  appears  to  be 
gravel  and  rock  slabs  to  a size  of  at  least  one  foot. 

Below  this  dam  is  a steep  section  in  which  the  river  drops  about 
40  feet  in  about  150  yards. 

Main  Branch  - Aurora  Branch  to  Lake  Erie 

From  the  confluence  of  the  Aurora  Branch  with  the  Main  Branch  of 
the  Chagrin  River  near  Chagrin  Falls  Village  to  State  Route  84  at 
Willoughby,  small  sediment  beds  made  up  of  sills,  sand  and  gravel 
are  frequent.  North  of  Mayfield  Road  some  channel  clearing  operations 
have  been  carried  out  to  maintain  a freely  flowing  channel.  Bank 
erosion  is  common  to  this  entire  reach,  with  sediments  building  on 
the  inside  of  curves  at  and  below  the  outside  curve  cutbanks. 

Dam  at  Cates  Mills  Village  - Tliis  im])oundment  liolds  an  estimated 
12-15  surface  acres  of  flowing  pool,  ap]iroximately  six  feet  deeji.  It 
is  about  one-half  filled  with  rock  debris,  and  sandy  gravel. 

Construction  of  Interstate  90  was  accompanied  by  relocation  of 

\b~ 
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the  river  channel  on  the  flood  plain  in  that  area.  lirosion  was 


rapid  and  locallv  severe  in  tliis  reach  for  several  years  but  now 
the  banks  seem  to  be  stabilizing. 

Willoughby  Dam  and  Pool  - This  is  a six  foot  high  dam  impounding 
the  main  River  for  Public  Iv'ater  .Supply.  There  are  two  intakes,  one  in  the 
Main  Branch  about  ISO  feet  above  the  dam,  and  the  other  in  the  hast 
Branch  near  the  head  of  the  backed  up  pool.  In  general,  the  entire 
pool  is  filled  to  within  one  and  one-half  to  three  feet  of  the  surface 
with  sand,  gravel,  silt  and  organic  matter.  Annually,  usually  in 
June,  the  dam  gate  is  opened  to  lower  the  water  level.  Bulldozers 
are  used  to  push  some  of  the  sediments  out  and  below  “the  dam  from  the 
Jam  fact  to  the  first  intake  and  for  a 100  foot  width.  The  remainder 
of  the  pool  has  not  been  cleaned  for  several  years.  A sediment  island 
in  the  pool  south  of  State  Route  84  bridge  was  removed  in  1965.  Silt 
deposits  below  the  East  Branch  intake  were  removed  in  1963.  This  bed 
has  not  rebuilt  as  rapidly  as  prior  to  1963.  This  may  be  due  in  part 
to  operational  improvements  at  the  upstream  gravel  pits. 

The  last  two  miles  of  the  river  course  is  estuarine.  Silt  beds 
form  throughout.  Basin  sludge  and  filter  wash  from  the  Willoughby 
water  plant  are  added  to  the  river  sediments. 

Aurora  Branch 

No  serious  sediment  accumulations  were  found.  Except  for  Sunny 
Lake,  impoundments  arc  located  on  intermittent  streams.  Sunny  Lake 
docs  not  appear  to  have  unusual  silting  problems. 

East  Branch 

Generally  high  gradient  with  eroding  type  but  generally  stable 
bed.  One  or  two  readies  in  the  lower  two-thirds  of  the  streams  course 
accumulate  gravel  .and  silt.  One  is  the  reach  near  Booth  Road,  Kirt- 
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land  Hills  Village,  the  other  is  at  and  just  above  the  confluence  and 
pool  at  Willoughby.  l-'oniierly  a problem  witli  washings  fri'm  gr.ivel  opcr.ations 
were  serious  on  tlu-  fast  Branch. 

b.  CllVA110(h\  RUT.R 
From  the  Headwaters  to  fake  Rockwell 

.No  sedimentation  was  found  in  this  upper  reach.  .\s  the  river  enters 
hake  Rockwell,  as  observed  from  State  Route  11,  extensive  marshy  island 
areas  evidence  sediment  deposits  in  the  lake  area  upstream  from  the 
highway. 

Lake  Rockwell  to  ken t 

The  reach  from  Lake  Rockwell  to  Kent  does  not  appear  to  have  a 
sediment  problem  at  this  time,  although  Hre.ikneck  Creek,  a tributary, 
has  a continuing  tendency  to  fill  much  of  its  own  channel  witli  silts 
including  organics.  Much  of  the  organic  matter  is  of  n.itural  origin. 

The  creek  ch.inncl  east  and  northeast  of  Kent  was  dredgeil  about  two 
vears  ago. 

Kent  to  ^lunroe  Falls 

From  Kent  to  tlic  Munroe  Ihills  Dam,  the  Cuyahoga  River  is  in  a j-iool. 
Prior  to  196P,  a heavv  organic  load  from  the  Kent  Wastewater  Treatment 
Plant  helped  to  form  a sludge  bed  and  septic  condition  throughout  tlie 
pool,  a reach  of  about  four  miles.  Improved  treatment  at  the  plant 
has  removed  the  load  and  the  river  has  shown  marked  recovery.  Munroe 
Falls  Dam  has  a height  of  aiipro.ximately  12  feet.  Measurement  at  the 
abutment  indicateil  filling  of  aliout  eight  feet. 

Old  Corge  Reach 

Througli  Cuyahoga  Ihills  and  North  Akron  the  current  scours  and 
carries  sediments  at  least  as  far  as  the  Ohio  Fdison  Cenerating  Plant 
pool.  Several  small  dams  in  the  gorge  reach  do  not  appe.ar  to  collect 
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at  the  becinning  and  end  of  the  storm  with  rainfall  depth  of  .01- inch 


much  sediment.  A few  small  marginal  beds  two  to  three  inches  deep  occur 
in  the  upper  pool  at  Cloverbrook  Road.  Sandstone  bedrock  is  the  sub- 
strate here. 


The  Ohio  hdison  dam  iiolds  a pool  approximately  50  feet  deep.  Measure- 
ment at  the  State  Route  59  bridge  showed  25  feet  of  water  over  a soft 
substrate.  It  is  not  certain  as  to  the  distribution  of  sediment  in  tlie 
pool . 

■Akron  Wastewater  Treatment  Riant  to  Peninsula 

i'lie  reach  above  the  treatment  plant  docs  not  collect  sludge  or 
much  silt.  Sand  and  gravel  ana  stable  aluvial  soil  make  up  the  streajn 
substrate.  Bars  of  gravel  and  sand  build  and  shift  at  bends. 

Althougli  improved  capacity  and  treatment  at  the  Akron  spill  out 
has  apparently  reduced  the  solids  load  to  the  river  some  sludge  still 
forms  in  downstream  beds. 

' At  Ira  Road  bridge  the  substrate  is  generally  clean  gravel  and 

sand  with  a strong  current.  At  Bolanz  Road  bridge  the  current  is 
slower  and  sediments  build  on  the  left  side  of  the  channel.  Tliese 
sediment  beds  appeared  to  be  one  to  two  feet  deep. 

Septic  conditions  were  also  observed  last  summer  in  the  flowing 
, pool  above  the  dam  .at  I’eninsula,  State  Route  303.  The  dam  is  about 

II  12  feet  high  with  the  pool  confined  to  the  river  bed.  It  is  approxi- 

mately one-half  filled  with  silts,  sand,  gravel,  rocks  and  some 
organics.  I'his  varies  with  flow  conditions,  with  tlie  lighter  material 
building  during  moderate  and  low  flow.  These  tend  to  be  flushed  out 
during  high  flows. 

Peninsula  to  Station  Road,  Brecksvillc 

Bank  erosion  is  common.  River  meanders  liave  cut  banks  ami  built 
up  sediments  on  inside  of  bends.  Previously  there  has  been  an 
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gradient  and  does  not  collect  light  sediments. 

West  Branch  - liast  Branch  Confluence  to  Lake  Firie 

Re-channeling  of  some  reaches  of  Rocky  River  below  the  confluence 
lias  kept  the  current  sufficient  to  prevent  further  sediment  bed  formation 
to  the  mouth.  Tlie  estuary  at  the  mouth  collects  sediment  and  sludge 
from  three  upstream  wastewater  plants  and  combined  sewerage  system. 

Septic  conditions  occur  at  the  head  of  the  estuary  pool 

East  Branch  Above  Berea 

No  sediment  beds  were  found  to  the  impoundments  at  Berea.  These 
are  abandoned  quarry  holes  and  are  reported  to  be  70  to  90  feet  in 
depth,  the  general  thickness  of  the  sandstone  in  the  area.  Baldwin 
Lake  on  the  river  is  used  as  public  water  supply  by  the  City  of  Berea. 

Sediments  have  collected  to  nearly  the  total  capacity  of  the 
reservoir  lake.  Dredging  in  1961  removed  a few  feet  of  the  top  layers. 
Much  of  this  capacity  has  been  lost  to  refilling.  Water  depths  over 
large  areas  of  the  reservoir  are  only  one  to  three  feet. 

Disposal  of  tills  large  volume  of  sediments  would  be  a serious 
problem. 

Included  in  the  area  is  Wallace  Lake,  a recreation  lake  near 
Baldwin  Lake. 

Berea  Confluence  with  West  Branch 

This  reach  collects  silts  and  sludge  in  low  flow  periods  particularly 
in  short  low  gradient  sections.  This  sludge  originates  from  the  Berea 
Wastewater  I’lant.  Recent  improvements  in  effluent  quality  liave  reduced 
the  size  and  impact  of  these  sludge  beds. 
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IMl’OUNDMli.VrS  IN  CIIACRIN  RlVIiR  BASIN 


Location  of  Impoundment 

Dam 

1 lei  gilt 

Pool 

Acres 

O. 

0 

Fill 

Tvpe  of 
Fill 

CHAGRIN  RIVHR: 

Sunny  Lake,  Aurora 

less  than  10' 

65 

Unknown 

- 

Cliase  Bag  Co., 

Chagrin  Falls 

(1)  10' 

16.5 

90 

silt, 
gravel , 
cobbles 

(2)  10' 

14.7 

90 

silt, 
gravel , 
cobbles 

Chagrin  ILalls 

10' 

5 

85 

silt, 
gravel , 
cobbles 

Gates  Mills 

b' 

10 

50 

silt, 
gravel , 
cobbles , 
boulders 

Willoughby  Water  I’lant 

O' 

8 

80 

silt, 

gravel 

I * Impoundment  raises  natural  ponds 


A"S 


tabu;  a- 9- 2 


IMPOUNDMENTS  IN  CUYAHOGA  RIVHR  BASIN 


Dam 

Pool 

0 

o 

Type  of 

Location  of  Impoundment 

Height 

Acres 

Fill 

Fill 

CUYAHOGA  RIVER: 

East  Branch  Reservoir 

greater  than  10' 

400 

Unknown 

Lake  Rockwell  Reservoir 

greater  than  10' 

736 

Unknown 

Kent 

less  than  5' 

5 

10 

silt , 
gravel 

Munroe  Falls 

8' 

96 

50 

silt , 
gravel , 
s ludge , 
1 ime 

Cuyahoga  Falls 

12' 

10 

Unknown 

10' 

2 

Unknown 

Ohio  Edison  Power 

greater  than  50' 

38 

50 

silt , 

gravel , 
s ludge 

Peninsula 

less  than  10' 

10 

50 

silt , 
gravel , 
cobbles , 
boulders 
s ludge 

Canal  Diversion  Dam 

less  than  10' 

15 

50 

silt. 

gravel , 
sludge 
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IMPOUNDMHNTS  [N  ROCKY  RIVCR  BASIN 


Location  of  Impoundment 

Dam 

Height 

Pool 

Acres 

% 

Fill 

Tvpe  of 
Fill 

ROCKY  RIVLR; 

Medina  Water  Plant 

7' 

6 

80 

silt , 
gravel , 
sand 

Westview 

8' 

6 

40 

silt , 
sand , 
gravel , 
cobbles 

Olmsted  Falls 

4' 

1 

40 

gravel , 
cobbles , 
boulders 

Hinckley  Lake 

18' 

81 

Baldwin  Lake 

7' 

33 

95 

silt, 
sand , 
gravel 

Oxbow  Dam 

less  than  10' 

1 

70 

silt , 
sand , 
gravel , 
cobbles 

\ 
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NATURAL  LAKES  A.ND 

IMPOUNDMENTS  ON  TRlBirPARIES  OF  THREE  RIVERS 


Chagrin 


Cuyahoga 


N Bass  Lake 


LaDue  Reservoir 


I Mont ivi lie  Lakes 


I Lake  Lucerne(s) 


Restful  1 Lake 


1 Lake  Brunswick 


Punderson 


1 Sleepy  Hollow  Lake 


Sandy  Lake 


Q Wallace  Lake  - Quarry 


Muddy  Lake 


Q Coe  Reservation 


Muzzy  Lake 


1 Lester  Lakes(s) 


Mogadore  Res . 

I.ower  Mogadore 
Springfield  Lake 
Massilon  Road  Gage 
Wyoga  l.ake 
Meadowbrook  Lake(s) 


Lake  Forest 


Pine  Lake 


Hudson  Springs  Lake 


Aurora  Pond 


Ghent  Millpond 


s = sediment  problem 
N = Natural  Lake 
I = Impoundment 
Q = Quarry 


B - STORMWATER  RUNOFF 


1.  Drainage  District  - The  study  area  was  divided  into  162  stora 
drainage  districts.  The  work  naps  used  for  this  were  USGS  1:24000  topographic 
maps  and  the  land  use  naps  prepared  for  this  study.  The  drainage  districts 
used  in  present  urban  areas  were  those  that  are  defined  by  the  local  storm 
sewer  system.  In  areas  where  storm  sewer  systems  have  not  been  installed, 
then  the  district  was  laid  out  according  to  normal  engineering  practice. 

The  districts  were  identified  by  the  type  of  systems  - natural  channel, 
separate  storm  sewer  or  combined  sewer. 

Future  districts  were  considered  to  be  separate.  The  162  districts 
divide  the  study  area  into  storm  sewer  districts  that  would  be  capable 
of  providing  drainage  for  the  2020  urban  area.  Rural  areas  were  not 
sub-divi ded. 


PI 


2.  Rainfall  - Rainfall  intensities  and  depths  were  based  on  the  local 
raingage  records  and  U.S.IV.B.  Bulletin  40.  The  local  records  consisted  of 
the  official  weather  station  at  Cleveland  Hopkins  International  Airport 
and  six  other  gages  which  have  records  of  varying  periods.  This  data 
had  been  collected  and  arranged  under  prior  contracts.  The  results  arc 
shown  in  Table  B-2-1  for  depths  and  intensities  for  various  durations  and 
frequencies.  Table  B-2-2  shows  rainfall  depths  for  1 day  through  10  day 
durations  as  interpolated  from  U.S.W.B.  Bulletin  49. 

TABin  B-2-1 

RAINFALL  DHPTIIS  AND  INTF.NSITIFS 
Maximum  Depths  for  Various  Durations  (inches) 


Frequency 

15  Min. 

30  Min. 

1 Hr. 

2 Hr. 

4 Hr. 

t.  Hr. 

12  Hr. 

6 Months 

.47 

.56 

.66 

.82 

. 86 

.90 

1 Year 

.60 

. 78 

.90 

1.04 

1.08 

1.14 

1 . 70 

3 Years 

.86 

1.10 

1.30 

1.46 

1.59 

1.58 

- 

5 Years 

.99 

1.28 

1.50 

1.66 

1.70 

1.80 

2.70 

10  Years 

1.13 

1.55 

1.80 

2.10 

2.20 

2.. 30 

.3.0 

Maximum 

Intensities 

for  Various 

Durations 

(in.  /hr. ) 

6 Months 

1.87 

1 . 12 

. 66 

.42 

T *> 

.15 

1 Year 

2.42 

1 . 56 

.90 

.52 

.27 

. 19 

5 Years 

3.42 

2.20 

1.30 

.73 

. 37 

.26 

5 Years 

3.96 

2.56 

1.50 

.83 

.42 

..30 

10  Years 

4.52 

3. 10 

1.80 

1.05 

.55 

. 38 

*Dcpths  for  12  hr.  duration  were  obtained  from  U.S.W.B.  Bulletin  40. 
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TABLFi  B-2-2 

RAINFALL  DEPTHS  FOR  LONG  DURATIONS 
Duration  (Days) 


Frequency 

1_ 

2 

4 

]_ 

111 

1 Year 

2.15 

2 Year 

2.40 

2.7 

3.4 

3.7 

4.1 

5 Year 

3.00 

3.  3 

3.8 

4.5 

5.0 

10  Year 

3.40 

3.  8 

4.3 

5.0 

5.7 

Areal  distribution  was  accounted  for  in  the  hydrograph  dcvelopncnt  h>- 
ratios  of  overall  area  rainfall  to  the  maximum  point  rainfall.  The  rainfall 
data  was  all  based  on  point  rainfall  records.  The  following  table  shows 
the  ratios  that  were  compiled  from  several  sources  as  well  as  by  Havens  and 
Emerson  for  the  Cleveland  area. 

TABLE  B-2-3 

RATIO  OF  OVERALL  AREA  RATE  TO 
MAXIMUM  POINT  RAINFALL 


Area/Duration 

30  Min. 
(Marston) 

60  Min. 
(Marston) 

6 Hr. 
(11  5 E) 

Point  Rainfall 

1.0 

1.0 

1.0 

1,000  Acres 

0.90 

0.95 

- 

2,000  Acres 

0.85 

0.93 

0.97 

4,000  Acres  • 

0.80 

0.88 

0.96 

8,000  Acres  1 

0.85 

0.93 

10,000  Acres  J 

1 0.75 

- 

0.92 

20,000  Acres 

- 

- 

0.87 

After  consulting  with  the  contract  officer,  a separate  document  was 
prepared  on  the  selection  of  the  design  storm.  This  document  is  attached  as 
Appendix  A. 
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3.  Drainage  Criteria  - For  all  162  drainage  districts,  the  basic  data 
was  gathered.  This  consisted  of  measuring  the  total  area,  the  area  of  open 


I 


space  and  the  length  and  slope  of  the  drainage  course.  This  data  has 
been  put  in  tabular  form  on  work  sheets  and  is  attached  as  Appendix  B. 
The  average  sizes  of  the  drainge  districts  were; 


Average  (acres) 

Range  (acres) 

Cuyahoga 

3200 

340  - 23774 

Rocky 

2700 

266  - 8145 

Chagrin 

1850 

460  - 4440 

Lake  Erie  Direct 

7000 

2800  - 23396 

All  m.easurements  were  made  on  the  work  maps  - USGS  1:24000. 


I 
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4.  Runoff  Factors  - IVith  the  techniques  chosen  to  develop 
hydrographs,  it  was  necessary  to  determine  the  imperviousness  of  each 
drainage  district.  This  imperviousness  factor  was  then  used  to  compute 
the  runoff  factor.  This  computation  is  discussed  in  the  section  on 
hydrographs.  The  imperviousness  factors  were  based  on  several  in-field 
measurements  in  selected  areas  which  were  in  turn  compared  to  aerial 
photographs.  For  areas  where  recent  aerial  photographs  were  not  available, 
comparisons  were  made  to  USGS  maps  and  local  street  maps. 

As  many  of  these  areas  develop  the  imperviousness  factors  will  increase. 
In  order  to  project  this  change,  some  typical  drainage  districts  were 
selected  and  synthetically  urbanized  as  a function  of  the  projected 
populations.  Homes  were  increased  at  a rate  equal  to  the  growth  rate  per 
decade.  For  example,  in  one  selected  area  there  were  948  homes  and  the 
1970-1980  growth  ratio  was  1.4  making  the  estimated  number  of  homes  in 
1980  as  1,327.  Roads  were  increased  b>'  the  same  rate.  An  additional 
imperviousness  percentage  was  added  to  account  for  an  increase  in  commercial 
buildings,  schools,  parking  lots  and  industrial  buildings.  This  percentage 
ranged  from  2 to  6 percent. 

Each  drainage  district  was  then  individually  compared  to  the  selected 
examples  and  the  imperviousness  factor  selected.  The  land  use  maps  were 
used  as  a guide  but  several  factors  were  considered,  such  as  distance  from 
central  cities,  highway  systems,  present  trends  of  develoinnent , and 
topography.  The  areas  were  done  independently  by  two  people  and  reviewed 
by  a third  to  reduce  judgmental  bias. 

This  information  has  been  prepared  in  tabular  form  by  decade  and  is 
attached  in  work  sheet  form  as  Appendix  C. 


5.  Ilydrographs  - A generalized  unit  graph  was  developed  using  tlie  results 
of  gaging  data  from  dll,  of  the  urban  area.  This  data  was  gathered  under  previous 
studies,  and  tlie  individual  watersheds  were  analyzed  separately.  A unit  grajih 
for  each  was  developed  using  stream  gaging  data  and  rainfall  data  gathered  over 
a period  of  about  two  years.  The  unit  graphs  were  compared  and  correlated  to 
arrive  at  a general  or  average  unit  graph  with  the  shape  and  geometric  dimensions 
as  shown  on  Figure  B-5-1. 

Peak  flow  rates  of  available  unit  hydrographs  were  plotted  in  a curve  that 
shows  the  relation  between  peak  flow  rates  and  drainage  area  and  is  shown  on 
Figure  B-5-2.  The  equation  for  this  curve  was  computed  as: 

235  80 


V-i  = 15  + 


DA 


DA- 


Where  Y3  = unit  iiydrograph  peak  - cfs/1,000  acres 
DA  = Drainage  area  - acres 

rhis  equation  was  used  to  compute  the  peak  flow  (V5) . 

knowing  Y3,  the  area  under  the  unit  graph  wiiich  represents  1"  of  runoff, 
and  the  geometric  dimensions  in  terms  of  Yj  and  X3  can  be  computed.  .Since  the 
runoff  volume  is  a function  of  the  drainage  area,  the  equation  can  be  related 
to  drainage  area  by  the  following  equation: 

X,  = • 2122  DA 

Y.3 


After  computing  Y3  and  X3,  other  points  of  the  unit  hydrograph  were 
calculated  by  utilizing  ratios  sliown  on  Figure  B-5-1.  Computed  unit  Indrographs 
compared  closely  with  available  graphs  - See  Fig.  B-5-3. 

This  average  unit  graph  was,  in  turn,  used  to  predict  hydrographs  of  t!ie 
individual  areas  for  various  rainfalls.  Figures  B-5-4  and  B-5-5  show  the  results 
of  this  general  unit  graph  verification. 

A six-hour  design  storm  was  selected  at  various  frequencies  including:  b 

months,  1-year,  3-year  and  5-year.  The  storm  duration  was  divided  into  15-minute 
rainfall  periods  and  tlic  most  intensive  8 periods  were  used  eliminating  periods 


at  the  bcpinning  and  end  of  the  storm  with  rainfall  depth  of  .01-ineh. 

The  rainfall  excess  was  computeti  according  to  tlie  following  equation: 

1)F.  = C X Imp.  Ratio  x DT  + Perv.  Ratio  (DT-DI,) 

Where  1)1:  = Deptii  of  excess  rainfall 

C = Coeff.  of  runoff  from  impervious  areas 
DT  = Total  depth  of  rainfall  in  15-minute  j-ieriod 
DI.  = Depth  of  rainfall  lost  hy  infiltration.  Tliis 
depth  was  computed  b>'  an  eciuation  to  account 
for  intensitN'  ;n)d  duration  of  rainfall. 

lixcess  rainfall  from  eight  15-minute  rainfall  periods  was  applied  to 
the  unit  hydrograph  previous  1\'  descrihed  and  tlie  total  hydrograph  for  eacii 
design  storm  was  computed.  These  computed  hydrograjihs  were  compared  with 
available  hydrographs  of  five  drainage  ;ireas.  Peak  flows  and  volume  checked 
closely . 

Using  this  technique  and  the  data  descrihed  in  .Sections  2,  3 and  4, 
hydrographs  for  the  162  drainage  districts  wei'e  computed.  The  hydrograjihs 
for  the  1-year  storm  are  assembled  by  river  basin  presented  in  .Xppendix  D. 

.•\ppendix  1:  lists  the  available  sujiplemental  data  for  the  hi’drograplis 
for  the  5,  10  and  100  \ear  storms. 

Appendix  D consists  of  163  pages  of  computer  outj'ut  sheets  and  .Appendix 
cons'-ifs  of  326  jniges  of  output  sheets.  Due  to  the  massiveness  of  this  data, 
It  .uis  not  been  included  in  this  report  but  will  be  available  ujion  request 
to  interv-ted  ji.irties. 


GEOMETRIC  RATIOS  OF  GENERAL  UNIT  HYDROGRAPH 


GENERAL  UNIT  HYDROGRAPH 


FIGURE  B-5-2 

UNIT  HYDROGRAPH 
PEAK  FLOW -AREA  CURVE 


2,000  4,000  6,000  3,000  10,000  12,000  14,000  16,000 

DRAINAGE  AREA  ACRES  (da) 


FIGURE  B-  5-3 

NINE  MILE  CREEK 

COMPARISON  OF  UNIT  HYDROGRAPHS 


DURATION  - 15-MIN,  PERIODS 
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6.  Urban  Stormu'ater  Runoff 

Stormwater  runoff  from  urban  areas  contribute  significant  pollution 
loads  to  Lake  Lrie.  In  an  attempt  to  quantify  these  loads,  the  study 
area  drainage  areas  were  categorized  as  either  a combined  sewer  overflow 
or  separate  system  to  account  for  the  higher  j'ollution  concentrations 
resulting  from  the  combined  sewer  overflow. 

Table  B-6-1,  lists  the  pollution  concentrations  of  the  combined 
sewer  overflows. 

Table  B-6-2,  lists  the  pollution  concentrations  of  the  sej arate 
system  urban  stormwater  runoff.  These  concentrations  vary  as  the 
percent  imperviousness  varies.  This  is  due  to  the  fact  that  the  degree 
of  urbanization  effects  the  character  of  the  stormwater  runoff. 

Data  for  Tables  B-6-1  and  B-6-2  came  from  several  sources  including 
work  done  in  the  Cleveland  Area.  The  data  on  the  quality  of  combined 
sewer  overflow  varies  greatly  and  the  data  in  Tal:ile  B-6-1  is  weighted 
in  favor  of  the  Cleveland  data. 

A search  of  the  literature  was  made  to  provide  basic  data  on  pollu- 
tion loads  in  stormwater.  The  amount  of  data  available  is  not  great. 

When  data  on  both  the  concentration  and  flow  rate  were  available,  it 
was  converted  to  a percentage  of  the  runoff  duration  versus  percentage 
of  the  peak  concentration  for  that  runoff.  By  plotting  then  together, 
a graph  was  developed  tluit  relates  concentration  to  discharge  which  is 
shown  on  Figure  B-6-1  and  has  been  termed  a po  1 lutograjih . 

Using  tlie  pol  lutograph , peak  concentrations  were  selected  I'er 
three  types  of  areas:  rural,  urban  and  dense  urban.  \\er.iges  were 

computed  for  the  s;ime  areas  which  arc  shown  in  I'able  B-u-2.  In  rev  iewing 
the  literature,  several  problems  were  encountered  that  would  cause  the 


dat.'i  to  be  inconsistent.  These  are  listed  below; 


1.  The  sampling  time  did  not  extend  past  the  basin  lag  time 
which  means  most  of  the  samples  were  collected  before  the 


j peak  discharge  occurred  and  the  lower  concentration  of  susi'ended 

' solids  at  the  end  of  the  runoff  are  not  reflected. 

I 2.  The  suspended  solids  10-15  times  the  volatile  suspended  solids 

i and  30-150  times  tlie  BOD  concentrations  indicate  the 

suspended  solids  arc  probably  inert  silts. 

3.  Suspended  solids  tests  were  often  run  with  a glass  fiber  matt 
and  with  concentrations  as  high  as  those  reported  the  aliquots 
were  undoubtedly  very  small. 

4.  Low  BOD-COD  ratios  in  many  cases  probably  indicate  the  BOD  anal\sis 
was  not  done  with  an  acclimated  seed. 

5.  No  mention  of  proceeding  storm  events  or  time  between  storm  events. 

‘ 6.  No  correlation  with  air  pollution. 

Table  B-6-3  summarizes  the  Urban  Stornnvater  Runoff  pollutant  loads  for 
the  study  area  by  decade.  This  data  was  generated  using  the  weighted  average 
value  of  the  percent  impervious ness  of  each  watershed.  These  weighted  averages 
are  presented  in  Table  B-6-4.  The  results  from  this  procedure  were  about 
5°o  less  than  the  actual  sum  of  the  individual  districts. 

j 
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TABLE  B-6-1 


COMBINED  SEWER  OVERFLOW  CHARACTERISTICS 


Suspended  Solids  200  mg/1 
BOD  60  mg/ 1 
COD  220  mg/1 
Total  Volatile  Solids  160  mg/1 
Suspended  Volatile  Solids  120  mg/1 
Phosphorus  as  P 8 mg/1 
Nitrogen  as  N 12  mg/1 
Chlorides  161  mg/1 


TABLE  B-6-2 

SEPARATE  SYSTEM  STORMWATER  RUNOFF  CHARACTERISTICS 


Rural 

Urban 

Dense  Urb 

Imperviousness 

S'! 

25?b 

55"b 

Suspended  Solids 

200  mg/1 

300  mg/1 

500  mg/1 

BOD 

3 mg/1 

20  mg/1 

30  mg/1 

COD 

50  mg/1 

150  mg/1 

200  mg/1 

Total  Volatile  Solids 

35  mg/1 

110  mg/1 

140  mg/1 

Suspended  Volatile  Solids 

25  mg/1 

80  mg/1 

105  mg/1 

Phosphorus  as  P 

■2  mg/1 

.7  mg/1 

.5  mg/1 

Nitrogen  as  N 

2.0  mg/1 

3, 1 mg/1 

2.2  mg/1 

Chlorides 

60  mg/1 

160  mg/1 

166  mg/1 

B 1 S 


T/UlLi.  B-6-3 


I'KBAN  STORMWATER  RUNOFF 


1970 

1980 

1990 

Area  (Acres) 

La  k e trie 

72,4-*3 

77,741 

77.741 

Cuvahoga 

111,574 

160,379 

218,778 

kockv 

28,686 

38,730 

81,823 

Chagrin 

12.340 

16.880 

37.890 

TOTAL 

225.043 

293,730 

416,232 

Volume  (mg  Year) 

Lake  trie 

13,357 

14 , 460 

15,000 

Cuyahoga 

17,220 

24,300 

32,690 

Rot  ky 

3,438 

4,881 

10,221 

Chagrin 

1.440 

2.050 

4.660 

TOTAL 

35,455 

45,691 

62,571 

Suspended  Solids 

Lake  Erie 

27,185,363 

31,502,380 

34,225,280 

(Lba 'Year) 

Cuvahoga 

35.878,560 

52,556,330 

■’3,645,380 

Rocky 

6,918,180 

10,507,961 

22,087, 19! 

Chagrin 

2,802.790 

...198.720 

9.806.680 

TOTAL 

72,784,900 

98,765,400 

139,764,500 

Biochemical 

Like  Erie 

4,688,306 

5,018,750 

5,244,620 

Oxygen  Demand 

Cuyahoga 

4,529,580 

5,616,180 

6,963,610 

(Lbs 'Year) 

Rocky 

259,089 

457,688 

950,378 

Chagr  in 

87.530 

154.340 

386,780 

TOTAL 

9,564,000 

11,247,000 

13,545,000 

Chemical  Oxygen 

Lake  Erie 

20.434,397 

22,729,360 

23,900,970 

Demand  (Lbs 'Year) 

Cuyahoga 

22,096,920 

29,605,340 

39,221,110 

Rocky 

2,356,512 

3,893,747 

8,166,157 

Chagrin 

885,530 

1 .435.330 

3,475.550 

TOTAL 

45,773,000 

57,664,000 

7..,  764,000 

Total  Volatile 

Lake  Erie 

U, 885, 383 

16,571,560 

17,374,560 

Solids  (Lbs/ Year) 

Cuyahoga 

16,076,630 

21,549,320 

28,578,880 

Rocky 

1,694,882 

2,818,000 

5,911, 000 

Chagrin 

634.000 

1 .034.000 

2,509.000 

TOTAL 

33,291,000 

41,973,000 

54,373,000 

Suspended 

Lake  Erie 

11,057,000 

12,292,000 

12,909,000 

Volatile  Solids 

Cuyahoga 

11,877,000 

15,865,000 

20,983,000 

(Lbs'Year) 

Rockv 

1,225,000 

2,040,000 

4,279,000 

Chagrin 

457.000 

747,000 

1.814.000 

TOTAL 

24,616,000 

30,944,000 

39,985.000 

Phosphorus  as  P 

Lake  Erie 

546,000 

556,000 

56H.OOO 

(Lbs 'Year) 

C uvahog.i 

484,000 

349,000 

614,000 

Rockv 

13,000 

:o,ooo 

39,000 

Chagr in 

4.000 

b.OOO 

15,000 

TOTAl 

1,047.000 

1,131,000 

1,236,000 

2 non 

77,741 
259, 9B3 
94,472 
b3,140 

495,336 

I5,95n 

39,260 

12,311 

7,850 

75, 371 

38.638.000 
92,339,288 
28,426,851 

16.958,950 

176,361,000 

5,50^,980 
8,  165,418 
1,397,728 
713,610 

15.982.000 

25,598,080 
48, 685,-*  30 
11,337,397 
6.219,730 

91.841.000 

18.550,760 

35,533,003 

8.245.000 

4.501 .000 

66.830.000 

13.796.000 

26.056.000 

5.979.000 

3.257.000 

49.088.000 

571.000 

678.000 

54.000 

28.000 

! , 3 3 1 , 000 


TABL£  B-b-3 


itBAN  STORMUATER  RUNOFF 


1990 

2000 

2010 

2020 

77.741 

218,77ft 

81,823 

37.890 

77,741 

259.933 

94,472 

63.140 

77,741 

263,748 

94,472 

63.140 

77.741 

263.748 

94,472 

63.140 

416,232 

495,336 

499,101 

499,101 

15,000 

32,690 

10,221 

-*.660 

15,950 

39,260 

12,311 

7.850 

16,660 

41,380 

13,251 

8.350 

17,130 

42,300 

13,621 

8.720 

62,571 

75,371 

79,641 

81,771 

U. 225, 280 
'3.645, 360 
22,087.191 
9.806,680 

38,638,000 
92, 339 , 288 
28,426,851 
16,936.950 

42,196,260 

102,047,200 

33,895,601 

19.713.240 

44,686,790 

107,906,970 

36,214,311 

21.912.320 

139,764.500 

176,361 ,000 

197,852,000 

210,720,000 

5.:44,620 

6,963,610 

950,376 

386.780 

5,504,980 
8, 365,418 
1,397,728 
713.630 

5.714.050 

9.450.050 
1,971,048 

996.110 

5,860,000 

9,862,900 

2,218,958 

1.226.650 

13,5-5,000 

15,982,000 

18,131,000 

19,169,000 

23,900,970 

39,221,110 

8,166,157 

3.475,550 

25,598,080 

48,685,-30 

11,337,397 

6.219.730 

26,940,020 

55,139,350 

14,951,027 

8,010.670 

27,867,520 

58,141,330 

16,505,817 

9.463.790 

7:., 764. 000 

91,841,000 

105.041 ,000 

111,978,000 

17.374,560 

28.578,880 

5.911.000 

2.509.000 

18,550,760 

35,533,003 

8,2-5,000 

4.501.000 

19,474,370 

40,321.980 

10,936,000 

5.834.000 

20,109,830 

42,488,370 

12,094,000 

6.916.000 

5-. 373,000 

66,830,000 

76,566,000 

81,608,000 

12.909.000 

20.983.000 
-.279,000 
1.814.000 

13.796.000 

26.056.000 

5.979.000 

3.257.000 

1-, 496, 000 
29,565,000 
7,947,000 
-.231.000 

14.980.000 

31.178.000 

8.795.000 

5.023.000 

39.985.000 

49,088,000 

56,239,000 

59,976,000 

568.000 

614.000 

39.000 

15.000 

571.000 

678.000 

54.000 

28.000 

573.000 

730.000 

72.000 

37.000 

575.000 

740.000 

79.000 

44.000 

1,236,000 

1,331,000 

1 ,412,000 

1,438,000 

URBAN  STORMU'ATEK  RVNOFF  (Coiit'd.i 


1970 

1980 

1990 

2000 

Nitrogen  as  N 

Lake  Erie 

912,000 

948,000 

967,000 

982,000 

(Lbs  Year; 

Cuyahoga 

897,000 

1,101,000 

1,331,000 

1,538,000 

Rocky 

70,000 

105,000 

216,000 

j76,000 

Chagrin 

27,000 

41,000 

95,000 

163.000 

TOTAL 

1,906,000 

2,195,000 

2,609,000 

2,959,000 

Chlorides 

Lake  Erie 

17,129,000 

19,^41,000 

20,164,000 

21,435,000 

(Lbs  ^Year) 

Cuyahoga 

19,806,000 

27,645,000 

37,818,000 

^7,693,000 

Rocky 

2,630,000 

4,295,000 

9,033,000 

12,402,000 

Chagrin 

1 .008.000 

1,612,000 

3,880,000 

6.904.000 

TOTAL 

40,573,000 

52,993,000 

70,895,000 

8«, 434. 000 

I 


TABLK  B-b-4 


PERCENT  IMBtiRV lOUSNHSS 
(Weighted  Average) 


1970 

1980 

1990 

2000 

2010 

202 

Chargin  River  Watershed 

Separate  Systems 

6 

7 

10 

14 

18 

21 

Combined  Systems 

- 

- 

- 

- 

- 

- 

Rocky  River  Watershed 

Separate  Systems 

7 

9 

13 

17 

2"’ 

24 

Combined  Systems 

25 

30 

30 

30 

30 

30 

Cuyahoga  River  Watershed 

Separate  Systems 

10 

13 

17 

21 

24 

20 

Combined  Systems 

38 

41 

43 

45 

47 

47 

Lake  Erie  Watershed 

Separate  Systems 

20 

26 

30 

34 

37 

39 

Combined  Systems 

46 

4b 

47 

47 

47 

47 

BID 


7.  Rural  Stormwater  Runoff 

Although  the  stormwater  runoff  pollution  loads  from  a rural 
area  are  low  as  compared  to  an  urban  area  of  equal  size,  tlie  total 
load  from  rural  land  in  the  study  is  significant  due  to  the  large 
amount  of  land  in  the  category.  Table  B-7-1  shows  land  usage  for 
the  study  area. 

Table  B-7-2  shows  the  concentrations  of  the  waste  constituents 
used  for  rural  stormwater  runoff.  It  is  noted  that  these  arc  the 
same  as  urban  stormwater  runoff  of  low  percent  imperviousness. 

Table  B-7-3  summarizes  the  annual  rural  stormwater  pollution 
loads  by  decade  for  each  of  the  watersheds  in  the  study  area. 


TABLn  B-7-2 


RUR.U.  STOIl^!^ATBR  RUNOFF 


Suspended  Solids 

200  mg/1 

B.O.D. 

3 mg/1 

C.O.D. 

50  mg/1 

Total  Volatile  Solids 

35  mg/1 

Suspended  Volatile  Solids 

25  mg/1 

Phosphorus  as  P 

.2  mg/1 

Nitrogen  as  N 

2.0  mg/1 

Chlorides 

60  mg/1 

) 


TABLE  B«70 


RLRAL  SK^RMWATER  RUNOFF 


f 


I 


1 


1970 

I960 

199(' 

2000 

Area  (A^  res) 

Lake  Erie 

12,700 

7,400 

7,400 

7,400 

Cuyahoga 

408,800 

360,000 

301,600 

260,400 

Rocky 

159,500 

149,400 

106,400 

93,700 

Chagrin 

156.400 

153.900 

132.800 

107.600 

TOTAL 

739,400 

670,700 

548,200 

464,100 

Vo 1 ume 

Lake  Erie 

1,348 

785 

785 

785 

(Mill.  Gal/Year) 

Cuyahoga 

43,500 

38,310 

32,090 

27,710 

Rocky 

16,970 

15.900 

11,310 

9,970 

Chagrin 

16.850 

16.370 

14.130 

11.450 

TOTAL 

78,668 

71,365 

58,315 

49,915 

Suspended  Solids 

Lake  Erie 

2,307 

1.343 

1,343 

1,343 

(1 ,000  Lbs/ Year) 

Cuyahoga 

74,373 

65,514 

54,867 

47. 388 

Rocky 

29,021 

27,193 

19,351 

17,049 

Chagrin 

28.830 

28.003 

24.180 

19.585 

TOTAL 

134,531 

122,053 

99,741 

85,365 

Biochemical 

Lake 

36 

21 

21 

21 

Oxygen  Demand 

Cuyahoga 

1,179 

1,038 

870 

751 

(1,000  Lbs/Year) 

Rocky 

460 

431 

306 

270 

Chagrin 

457 

443 

383 

310 

TOTAL 

2,132 

1 ,933 

1,580 

1,352 

Chemical  Oxygen 

Lake  Erie 

563 

328 

326 

328 

Demand 

Cuyahoga 

18,145 

15,979 

13,387 

11,558 

(1,000  Lbs/Year) 

Rocky 

7,078 

6,632 

4,719 

4,158 

Chagrin 

7.032 

6.830 

5.897 

TOTAL 

32,818 

29,769 

24,331 

20,621 

Total  Volatile 

Lake  Erie 

394 

229 

229 

229 

Solids 

Cuyahoga 

12,702 

11,186 

9,371 

8,091 

(1,000  Lbs/Year) 

Rocky 

4,954 

4,642 

3,303 

2.910 

Chagrin 

4.922 

4.781 

4.129 

3,3-4 

TOTAL 

22,972 

20,838 

17,032 

14,574 

Suspended 

Lake  Erie 

282 

164 

164 

16-4 

Volatile  Solids 

Cuyahoga 

9,073 

7,990 

tj , 694 

5,780 

(1,000  Lbs/Year) 

Rocky 

3,539 

3,316 

2,360 

2,07'> 

Chagrin 

3.515 

3.415 

2.94fc 

2.188 

TOTAL 

16,-409 

14,885 

12,166 

10,-41  1 

Phosphorus  as  P 

L«ike  Erie 

2 

1 

1 

54 

1 

(1,000  Lbs/Yrar) 

Cuvahog  1 

73 

64 

4 7 

Rocky 

29 

27 

19 

17 

Chagrin 

28 

27 

23 

H 

2; 


K 


4( 


J 


i 

] 

J 

( 


TOTAL 


13 


119 


97 


8^4 


Nitrogen  as  N 
(1,000  Lbs/Year) 


Chlorides 

(1,000  Lbs/Year) 


1970 


RURAL  STORMWATER  RUNOFF  (Cont'd,) 

1-980  1990  2000 


Lake  Erie 

22 

13 

13 

13 

Cuyahoga 

726 

640 

536 

463 

Rocky 

283 

265 

188 

166 

Chagrin 

281 

273 

236 

191 

TOTAL 

1,312 

1,191 

973 

833 

Lake  Erie 

675 

393 

393 

393 

Cuyahoga 

21,774 

19,175 

16,064 

13,870 

Rocky 

8,494 

7,959 

5,664 

4,990 

Chagrin 

8.438 

8,196 

7.077 

5.732 

TOTAL 

39,381 

35,723 

29,198 

24,985 

APPENDIX  A 


SELECTION  OF  DESIGN  STORM 

The  magnitude  of  the  design  storm  that  a given  facilit>’  must  treat  obv'iously 
affects  both  the  storage  and  treatment  cost.  In  the  feasibility  study  a one 
year  design  storm  was  chosen,  since  that  is  the  design  currently  being  used  for 
all  of  design  work  in  the  Cleveland  area  at  this  time.  It  is  the  pur[')Osc  of 
this  portion  of  the  Survey  Scope  study  to  review  this  decision  and  compare 
designs  of  6 months,  1,  3,  5 and  10  years. 

The  question  to  answer  is  - what  is  the  economic  and  environmental  imiuict 
of  having  a storm  greater  than  the  design  storm  occur?  In  order  to  compare 
volumes  of  runoff  treated  under  certain  design  conditions.  Table  1 was  prepared 
to  show  the  ratios,  of  the  runoff  from  a 6 month,  1,  5,  5 or  10  year  rainfall 
to  the  capacity  of  a storage  treatment  facility  of  various  design  sices.  Each 
design  situation  has  a ratio  of  1.00  when  the  frequency  of  a storm  matches  the 
design  storm  chosen  to  compute  the  volume  of  the  storage  basin. 

To  further  compare  these  volumes.  Table  2 has  been  prepared  to  show  the 
efficiency  of  stormwater  collection  and  treatment  for  various  storms  with  differ- 
ent designs.  Table  2 shows  the  percentage  of  total  annual  runoff  time  when  the 
storage  and  treatment  capacit}'  is  e.xccedcd  by  a runoff  resulting  from  a storm 
with  a frequency  greater  than  that  used  for  the  design,  figure  1 shows  the 
reverse,  that  is,  the  percentage  of  total  annual  volume  treated  under  the  different 
storm  occurrences  and  design  schemes.  It  is  important  to  note  th.at  the  ca]iacit\- 
is  exceeded  at  the  later  part  of  a storm  runoff  occurrence  and  after  tlie  high 
concentrations  that  arc  normally  associated  with  the  first  flush  h.ave  occurred. 
Further,  it  should  be  noted  those  percentages  will  only  occur  once  in  the  period 
of  freciuency.  For  example,  if  the  facility  is  designed  for  the  one  \-ear  stonn 
and  a rainfall  eiiual  to  the  10  year  occurrence  happens,  then  frivii  Figure  1,  DO" 
of  the  total  annual  volume  would  be  treated.  The  other  10”<.  would  receive 
treatment,  but  the  capacity  of  the  facilit\’  would  be  exceeded  hydrau  1 i ca  1 1 >■ 


and  the  degree  of  treatment  would  bo  reduced.  Again  this  would  only  occur  once 
in  10  years.  However,  within  a 10  year  period  several  rainfalls  may  occur 
which  would  exceed  the  one  >’ear  frequency  used  for  design,  such  as  tlie  .S  year, 

3 year,  2 year,  etc.  To  illustrate  this,  a period  of  record  was  chosen  arbitrarily 
from  1950  to  1967,  and  a detailed  analysis  of  the  rainfall  data  was  done.  Ihe 
results  are  shown  in  Table  3. 

From  Table  3,  it  can  be  shovv-n  that  in  a lb  year  period  only  2.7%  of  the 

runoff  exceeded  the  design  value.  This  is  equivalent  to  1.7%  in  a 10  year  period 

of  all  accumulated  runoff  exceeding  the  1 year  runoff. 

Costs  were  computed  on  typical  areas  for  storage  and  treatment  facilities 
with  various  design  storm  criteria.  These  costs  were  reduced  to  a cost  per  acre 

value  and  compared  to  the  suspended  solids  removal  achieved.  Tliis  data  is 

shown  on  Figure  2.  Three  treatment  schemes  were  considered; 

Scheme  A would  be  the  situation  where  land  is  available  for  earth 

storage  lagoons.  j 

I 

j 

Scheme  B would  be  the  situation  when  land  is  expensive  and  not  i 

available  in  tracts  large  enough  for  Scheme  .A.  Storage  would  be 
in  concrete  storage  tanks. 

Scheme  C would  be  the  situation  when  no  land  is  available  for 
storage  and  treatment  would  have  to  be  designed  for  the  peak 
flow  without  storage. 

Figure  3 compares  the  percent  removal  to  cost  per  acre  and  cost  [icr 
percent  removal.  The  treatment  tecJiniquc  for  the  tliree  schemes  in  Figure  2 
and  Figure  3 is  screening  followed  by  sedimentation,  microstraining  and 
ozonation.  'Ihe  detention  time  in  the  sedimentation  basin  is  two  davs.  A 
polymer  would  he  used  to  hasten  sedimentation  also.  Figure  I comivires  the 


J 


percentage  increase  in  cost  to  percentage  increase  in  treatment. 

Using  this  data,  the  design  storm  for  the  storage  and  treatment  was 


selected.  The  criteria  for  the  collection  system  is  governed  by  drainage  aiul 
flooding  constraints  rather  than  pollution  constraints.  Generali)-,  the  collec- 
tion systems  were  designed  to  handle  a 5 to  10  year  storm  consistent  with  the 
usual  engineering  practices. 

Referring  to  these  graphs,  it  can  be  seen  that  for  a storm  water  treatment 
design  greater  than  one  year  the  cost  start  to  rise  sharply.  I'he  5,  5 and  10  year 
designs  cost  substantially  more  than  the  6 month  or  1 year;  consequently  t!te 
choice  was  then  reduced  to  either  the  6 month  or  1 year  design.  When  the  actual 
rainfall  data  is  reviewed  in  Table  3,  it  shows  that  the  6 month  storm  was 
exceeded  35  times  in  the  16.5  year  period.  If  the  one  year  design  storm  is 
compared  to  the  actual  data,  it  is  noted  to  have  been  exceeded  17  times.  I.ikc- 
wise,  the  3 year  storm  was  exceeded  5 times.  Statistical 1\- , this  is  expected. 

Again  referring  to  Figure  4,  it  is  seen  that  the  cost  to  increase  from 
a 6 month  design  to  a one  year  design  is  about  ll°o  for  Scheme  A which  is  the 
most  commonly  encountered  scheme.  This  same  increase  also  reduces  the  number 
of  times  the  facility  design  is  exceeded  by  fifty  percent.  Further,  using  the 
one  year  design  will  provide  greater  margin  for  the  inevitable  inconsistencies 
in  rainfall  occurrences. 

After  considering  these  facts,  the  1 year  design  storm  was  selected  for 
the  survey  scope  stud)-. 


tabu;  1 


Frequency 
of  a 

Ratio 

of  Runoff 
Provided 

From  Given 
by  a Design 

Storm 

Storm 

to  Capacity 
of: 

Given 

6 Month 

1 Year 

3 Year 

5 Year 

10  Year 

Storm 

Design 

Design 

Design 

Design 

Design 

6 Months 

1.00 

0.68 

0.42 

0 . 5b 

0.25 

1 Year 

1.47 

1.00 

0.62 

0.52 

0.36 

3 Years 

2.58 

1.62 

1.00 

0.85 

0.58 

5 Years 

2.82 

1.92 

1.18 

1 . 00 

0 . 69 

10  Years 

4.06 

2.76 

1.72 

1.45 

1.00 

I 

I TABLE  2 


Percentage  of  Total  Annual  Runoff  I'imc 
Frequency  IVhen  Treatment  Capacity  is  lixccedeil  by 

of  a Runoff  From  Storm  of  Given  Frequency 


Given 

Storm 

6 Month 
Design 

1 Year 
Design 

3 Year 
Design 

5 Year 
Design 

10  Year 
Design 

6 Months 

0 

0 

0 

0 

0 

1 Year 

->o 

^ 0 

0 

0 

0 

0 

3 Years 

b°o 

4°o 

0 

0 

0 

5 Years 

8"» 

6"o 

oo 
_ 0 

0 

0 

10  Years 

12"o 

10"o 

7'’o 

r 0 

i")  O 

0 

L. 


u 

•—1 

D 

< 

c 

< 

cc 

Qi 

•p^ 

to 

LO 

LO 

iT) 

LO 

Cu 

UJ 

LO 

£ 

u 

. 

• 

• 

• 

• 

< 

Oh 

1— 1 

O 

3 

sD 

sD 

\C 

v£) 

\0 

Uj 

03 

Q 

rvj 

(N 

CM 

(N 

fsi 

^ ! 

4-i 

u. 

r»H 

i"H 

pH 

pH 

IC 

o 

{/) 

H 

■M 

^ c 

c 

pH  «pH 

o 

0}  4-> 

> 

LM  pH 

C 3 

UJ 

LO 

o 

o 

O 

(N 

• pH  (/I 

o 

o 

00 

(N 

Tt 

pH 

03  O 

t/1 

• 

• 

• 

• 

tn 

a:  oi 

o 

LO 

rO 

CN 

pH 

a.  E 
o o o 
H o 


t/) 

CO)  *^3 

X e c 

> W J-l  -H 

O yj  O 

— % DO  4-t  O 

r^i  U ^ C in 

W O ^ T-t 

Xi  c3  -a  c o 

E O DO  pC 

3 c o *H  w 

'j  {/) 

Ctt  X o c 

ci  u4  Cl  *-• 


c 

DO  e 

• H U 

o 

(h 

(h 

X 

t/1  o 

O 4-> 

B 

>s 

X 

o 

a in 

! o 

hO 

LO 

pH 

OF  TOTAL  ANNUAL  VOLUME  TREATED 


TREATMENT  DESIGN  STORMCYR.) 

example:  S YEAR  STORM 
A I YEAR  STORM  FACILITY 
RESULT  : 94°4  OF  TOTAL 
ANNUAL  VOLUME  TREATED 


HAVENS  AND  EMERSON  LTD, 


FIG.  1 


520  LBS.  OF  SUSP.  SQLIDS/ACRE  / Y EAR-TOTAL  RUNOFF 


F IG  . 2 


1000  2000  3000  4000  5000  6000 

HAvrris  ATJD  EMERSON  LTD.  COST  - DO  L L A R S /AC  R E 


< 1400 


I 

(0  1200 


o 

< 

1000 


14  < 
> 
O 

2 

UJ 

cr 


8001 

91 


PERCENT  REMOVAL -SUSP.  SOLIDS 


^ 4000l 


3000, 


^ I 

2000 


lOOOl 

91 


PERCENT  REMOVAL -SUSP.  SOLIDS 


-lAVFNS  AND  EMERSON  LTD. 


PERCENT  INCREASE  $/ACRE 


HAVEN3  and  EMERSON  L^D. 


FIG  .4 


AIM'i;\lHX  B 


DRAIXACili  ARLAS  c:ilARACTt'.RlSTICS 
ROCKY  R1\'1:R  IVATr.RSliCD 


Area  Designation 

Total 

Area 

(Acres) 

Open 

Space 

Area 

(Acres) 

“o  Area 
to  bo 
Devc 1 oped 

Length 

of 

Channe 1 
(ft.  ) 

Channe I 
Slope 
rt./Mi le 

R-1 

716 

0 

100 

(4,500) 

23.46 

R-2 

3,994 

0 

100 

20,000 

13.20 

R-3 

2,112 

0 

100 

21,000 

27.65 

R-4 

845 

0 

100 

(4,500) 

58.66 

R-5 

872 

0 

100 

4,000 

92.4 

R-fa 

3 ,434 

0 

100 

17,000 

18.63 

R-7 

2,222 

0 

100 

15,000 

24.64 

R-8 

2,544 

0 

100 

8,000 

33.0 

R-9 

266 

0 

100 

4 ,000 

26.40 

R-10 

6,437 

275 

96 

30,000 

31 .68 

R-11 

3,921 

0 

100 

30,000 

10.56 

R-12 

7,484 

0 

100 

40,000 

48.  84 

R-13 

7,466 

368 

96 

40,000 

40.20 

R-14 

1 ,120 

0 

100 

12,000 

0 1 . (> 

R-15 

918 

0 

100 

8,000 

79.20 

R-16 

2,213 

0 

100 

15,000 

1 1 6 . 1 6 

R-17 

1,285 

0 

luu 

11  ,000 

148. 80 

R-18 

3,471 

0 

100 

22,000 

33 . ('0 

R-19 

3,177 

0 

100 

1 5 , 000 

8.  S<> 

R-20 

4,  187 

0 

100 

11 ,000 

52. 8(1 

R-21 

532 

0 

100 

9,000 

“o.  26 

R-22 

2,  I S3 

321 

S6 

18,000 

85. 0(' 

R-23 

5,197 

0 

100 

20,000 

. ' ^ . 8 ” 

R-24 

3,  140 

184 

95 

2O.000 

5(' . 8i< 

APPf:.\[)IX  B (Cont'd.) 


DRAlNAGi;  ARI'.AS  CliARACTHRISTlCS 


ROCKY  RIVliR 

ivati;rsiii-,u 

Designation 

Total 

Area 

(Acres) 

Open 

Space 

Area 

(Acres) 

“o  Area 
to  be 
Developed 

Length 

of 

Channe 1 
IFt.J 

Channe 1 
S 1 ope 
Lt./Mi le 

R-25 

3, 155 

0 

100 

27,000 

70.40 

R-26 

762 

0 

100 

7,000 

52.80 

R-27 

2,480 

0 

100 

28,000 

(lO . 54 

R-28 

8,145 

0 

100 

30,000 

18.48 

R-29 

2,553 

0 

100 

14,000 

115.14 

R-30 

1,425 

0 

100 

15,000 

65.  12 

R-31 

780 

0 

100 

15,000 

52.80 

R-32 

313 

275 

92 

22,000 

38.40 

R-33 

799 

0 

100 

6,000 

158.40 

R-34 

1,588 

0 

100 

22,000 

53 . 60 

R-35 

2,736 

0 

100 

18,000 

29 . 33 

LAKli  HR  IF. 

IVATLRSllLD 

Li;-i 

4,362 

0 

100 

20,600 

30 . 75 

LI-,- 2 

3,232 

130 

96 

6,600 

49.  ()0 

LL-3 

5 , 758 

280 

95 

7,400 

0 

LL-4 

15,444 

1 ,080 

93 

55,800 

55.35 

LL-5 

23,396 

0 

92 

41 ,200 

59.59 

LL-6 

4,980 

0 

92 

10,000 

0 

LL-7 

5,958 

0 

100 

8,600 

0 

I.L-S 

2 , 800 

0 

100 

",500 

0 

LH-9 

3,398 

0 

100 

12,000 

52 . 8 

i.i;-io 

5,115 

0 

100 

23,000 

31.43 

I.L-  1 1 

5,298 

0 

100 

33,000 

1".(- 

APPliNUlX  B (Corn'd.) 


Area  Designation 

DRAI.N'AGli  ARl'AS  Cl  lARACTliRI  .STI  CS 

CUVAIIOCA  RIVliR  W.-VI'CRSllPl) 
Open 

Total  Space  % Area 

Area  Area  to  be 

(.Acres)  (Acres)  Developed 

l.ength 

oC 

Channe 1 

j_p_t-.L. 

Cli.inne  1 
S I ope 
in  . /.'lije 

CU-1 

2,472 

0 

100 

12,000 

.30 . 80 

CU-2 

4,684 

c 

100 

36,000 

77.  ~ 3 

CU-3 

3, 562 

0 

100 

21 ,000 

82.97 

CU-4 

23,770 

0 

100 

76 ,000 

.3  7' . 5 1 

CU-5 

12,654 

0 

100 

52,000 

51  . "8 

CU-6 

3,995 

138 

9 7 

26,000 

58.58 

CU-7 

4,527 

872 

81 

34,000 

43.4  8 

CU-8 

8,870 

780 

92 

42,000 

■’2.91 

CU-9 

1,698 

643 

65 

8,000 

191. 4 

CU-10 

1,846 

460 

76 

10,000 

br.  84 

CU-11 

2,370 

184 

93 

14,000 

82.97 

CU-12 

340 

0 

100 

7,000 

75.4  2 

ClJ-13 

4,500 

0 

100 

28,000 

41.48 

CU-14 

3,425 

698 

80 

18,000 

152.53 

CU-15 

652 

184 

— 

/ 

:’,ooo 

98.05 

ClJ-16 

1,791 

165 

91 

14,000 

82. 9~ 

CU-17 

1 ,.368 

0 

100 

5,000 

-8.20 

CU-1 8 

551 

0 

100 

4 .000 

26.4 

CU-19 

5,7.30 

0 

100 

2.3,000 

73.46 

QJ-20 

1,515 

0 

100 

15,000 

95.04 

CU-21 

2,05  7 

450 

79 

14,500 

I9(' . ('3 

CU-22 

1 , 386 

(i4,3 

54 

12,000 

ri  .60 

CU-23 

1 .240 

0 

100 

3,00(' 

35.2 

CU-24 

3 , 388 

0 

100 

1 

(.2.  1 

CU-2.S 

4 ,472 

0 

10(' 

23,000 

I 8. 3(. 

k 


APPLNDIX  B (Cont'd.) 
DRAlXAGi:  ARPAS  CIIAR.\CTI:R1.STICS 
CUV-MIOGA  RIVRR  WATIiRSllIiU 


Area  Designation 

Total 
Area 
(Acres ) 

Open 

Space 

Area 

(Acres) 

% Area 
to  be 
Developed 

Length 

of 

Channe 1 
(Ft.  ) 

Channel 
lope 
l_t . 'J^li  1 

CU-26 

1,221 

0 

100 

10,000 

58.00 

CU-27 

2,874 

0 

100 

6,000 

112.20 

CU-28 

1 , 634 

0 

100 

11,000 

~2.0 

CU-29 

5,914 

1,534 

75 

24,000 

11.00 

CU-50 

1 ,974 

0 

100 

11,000 

52.80 

CU-51 

1,586 

184 

89 

15,000 

56.32 

CU-32 

2,020 

0 

100 

14,000 

128.22 

CU-33 

1,230 

0 

100 

8,500 

62.11 

CU-34 

2,507 

0 

100 

1 1 ,000 

12.00 

CU-35 

11,175 

2,507 

78 

39,000 

1 3 . 5 5 

CU-36 

3,186 

0 

100 

6,000 

79 . 2(1 

CU-37 

3,039 

0 

100 

9,000 

70.40 

CU-38 

2,121 

0 

100 

8,50(1 

99. 38 

CU-39 

3,884 

0 

100 

16,000 

49 . 50 

CU-40 

863 

184 

79 

1 1 ,000 

120.00 

CU-41 

1,130 

285 

■ *■> 

1 1 ,000 

153.  (i(l 

CU-42 

1,625 

0 

100 

15,000 

7'.  lo 

CU-43 

3,765 

2,635 

30 

1 1 ,400 

34  . ■ 

CU-44 

3,094 

4()4 

S3 

18,000 

10. 0 

CU-45 

3 , 9 76 

0 

100 

21  ,000 

2 8 . 9 

QJ-46 

1 ,6  in 

0 

100 

20,400 

1 “ . 9 

GU-47 

',833 

1 ,5('0 

SO 

38,000 

19. 3 

CU-48 

1 ,025 

0 

100 

10  ,000 

(•1.0 

GU-49 

I ,304 

1 3'' 

'III 

8,  100 

(•9.  1 

CU-30 

S,22S 

0 

l.i:- 

V.  , ~|lll 

li  . 3 

APPLXDIX  B (Cont'd.) 


! 


UR-MNAGi:  ARi:.\S  CliAR.\CTi:Rl  STLC-S 
aiV.AllOGA  RIVI  K IVATliRSliliD 


\r.  .1  liQ  i -n 

lotal 

(Acres) 

Open 
Space 
Ai'ea 
(Ac  res ) 

°o  Area 
to  be 
Developed 

Length 

of 

Channe 1 
IJ-t.) 

Channel 
S 1 o]ic 
ft ./Ml  le 

dU  51 

5,492 

1 , 100 

80 

16,800 

25.  1 

Q1-5J 

1,882 

94 

95 

12,600 

3.4 

CU-55 

3,719 

0 

100 

21  ,000 

1~.6 

CU-54 

3,526 

350 

i\n 

13,200 

52.80 

CU-55 

1,900 

0 

100 

15,000 

7.0 

CU-5b 

2,800 

0 

100 

15,000 

1~.6 

CU-57 

1,965 

200 

90 

8,000 

69.5 

CU-58 

7,906 

474 

94 

30,200 

25.4 

CU-59 

2,249 

0 

100 

10,000 

63 . 4 

CU-60 

2,554 

0 

100 

2,000 

158.4 

CU-61 

3,225 

0 

100 

6,000 

88 

CU-62 

5, 150 

0 

100 

23,000 

50.5 

CU-65 

1,423 

0 

100 

11,200 

4.7 

CU-64 

3,324 

0 

100 

8,000 

33 

CU-65 

66 1 

0 

100 

6,000 

114.4 

CU-66 

5,085 

0 

100 

1 1 , 800 

53 . ~ 

CU-67 

2,608 

0 

100 

20,000 

22 . 5 

CU-68 

1 ,905 

0 

100 

9,000 

"0.4 

CU-69 

1 ,914 

570 

70 

6,000 

CU-70 

6,52  7 

0 

100 

29,000 

24.  (. 

CU-71 

2,681 

0 

100 

16,200 

29 . 3 

CU-75 

1,056 

0 

100 

10,000 

"9 . 2(' 

CU-"4 

1 , 864 

642 

6(> 

1 5 , 000 

49.28 

CU-75 

2,663 

321 

88 

18,000 

23.  16 

d 


APPliNDIX  B (Coin'd.) 


uiuiNAGi;  ari;as  characteristics 


CUY..\HOC,A  RIV'IiR  IVATRRSIIRU 


.Area  Designation 

Total 
Area 
(.Acres  J 

Open 

Sjiace 

Area 

(Acres) 

"o  Area 
to  be 
Devo loped 

l.ength 

of 

Channc 1 
U't.J 

Channc 1 
Slcpo 
I t ./.Ml  1 

CU-76 

872 

137 

85 

9,000 

5 J . K 

CU-77 

2,000 

367 

82 

12,000 

5”.  20 

CU-78 

5,250 

754 

78 

23,000 

34 . 4 3 

CU-79 

1 , 360 

275 

80 

8,000 

"9.2 

CU-81 

486 

0 

100 

5,000 

42.24 

CU-82 

551 

0 

100 

3,000 

158.4 

CU-83 

835 

0 

100 

5 ,000 

95.5 

CU-84 

677 

0 

100 

4,000 

238 

CHAGRIN  RIVER  IVATERSHED 

CllN-1 

2,070 

550 

74 

13,000 

20 

CFW-2 

7,140 

1 , 100 

85 

29,000 

21.8 

Cil.M-5 

3,310 

370 

89 

26,000 

44 . 7 

CllN-4 

1,360 

250 

84 

16,000 

1 35 . 3 

Cll\'-5 

2 , 460 

830 

6 7 

16,000 

I 33 . 3 

Cl  IN -6 

2,440 

0 

100 

22.000 

103.2 

Cl  IN -7 

690 

140 

80 

6,000 

255.2 

Cl  IN -8 

1,110 

0 

1 00 

<,.000 

264.0 

Cl  IN -9 

1 , 440 

500 

<>(> 

14 ,000 

9S.  0 

Cl  IN  - 10 

3 , 1 30 

780 

~h 

13,000 

1 38.  1 

Cl  IN  - I 1 

5 , 750 

1 ,~00 

55 

1 5 , 000 

1 10.  S 

Cl  IN  - 12 

1 , 590 

410 

■•5 

1 1 ,000 

<■".2 

Cl  IN  - 1.3 

2,  140 

<>90 

13,000 

9". 4" 

Cl  IN  - 10 

1 ,()00 

n 

100 

10,000 

.>8.  1 

CIIN  - r 

1 , 330 

<i 

K'li 

1 ,',000 

1. 0.9 

1 

\ : 


APPHNUIX  B (Cont'd.J 


C 

\. 


. Area 

i 


! 


DRAINAGH  ARPAS  CHARACTERISTICS 
CHAGRIN  RIVFiR  IVATIiRSlIHH 


Designation 

Total 

Area 

(Acres) 

Open 
Space 
Area 
(Acres ) 

*!>  Area 
to  be 
Developed 

Length 

of 

Channel 
(rt.  1 

Cl  IN- 18 

640 

0 

100 

4,500 

Cl  IN- 19 

710 

0 

100 

5,000 

CHN-20 

690 

250 

67 

7,000 

CHN-21 

460 

0 

100 

4,000 

CHN-22 

740 

60 

92 

6,500 

CHN-25 

1,250 

0 

100 

6,000 

CH.N-24 

2,760 

0 

100 

17,000 

CHN-25 

2,400 

640 

74 

15,000 

CHN-26 

1 ,910 

570 

81 

14,000 

CHN-27 

2,670 

320 

89 

12,000 

CHN-28 

2,150 

0 

100 

14,000 

CHN-29 

660 

0 

100 

8,000 

CHN-30 

1,070 

0 

100 

5,000 

CHN-51 

1,580 

540 

79 

13,000 

□ IN -52 

890 

0 

100 

3,000 

Cl  IN- 55 

910 

0 

100 

6,000 

CHN-54 

770 

0 

100 

10,000 

Cl  IN -55 

1,540 

447 

67 

16,000 

CHN-56 

2,520 

840 

(i7 

10,000 

Chaiinc  1 
S lope 
lj_. />li  l_e 

152.5 

95.0 
115.  1 

171.0 
140.2 
1 84 . 8 

40.4 

70.4 

115.1 

105.6 

85.0 
6(' . 0 

11(1.2 

40.6 
88.  0 
70.40 

57.0 
15.2 
2('.  8 


1 


! 

APPHXUIX  C 

DRAINAGP  ARLAS  PERCLNT  IMPnPVIOUSNHSS  BY  DflC.XDi: 
ROCKY  RIVIiR  WATPRSIIPI) 


Area 


Area  Designation 

(Acres) 

1970 

19  80 

HI  90 

2000 

2010 

2020 

* 

R-1 

716 

40 

45 

45 

45 

45 

45 

-y 

R-2 

3,994 

10 

15 

20 

25 

30 

30 

o 

R-3 

2,112 

25 

28 

30 

32 

35 

35 

2 

R-4 

845 

40 

45 

45 

45 

45 

45 

R-5 

872 

30 

35 

40 

45 

45 

45 

*) 

R-6 

3,434 

10 

15 

20 

25 

30 

30 

5 

R-7 

2,222 

<10 

10 

15 

20 

25 

25 

3 

R-8 

2,544 

15 

18 

20 

25 

30 

30 

o 

R-9 

266 

25 

30 

30 

30 

30 

30 

1 

R-10 

6,437 

12 

15 

17 

20 

25 

28 

R-11 

3,921 

<10 

<10 

10 

12 

15 

20 

3 

R-12 

7,484 

< 10 

<10 

10 

15 

20 

25 

3 

R-13 

7,466 

10 

15 

20 

25 

30 

30 

5 

R-14 

1,120 

<10 

<10 

10 

15 

20 

25 

5 

R-15 

918 

< 10 

<10 

10 

15 

20 

25 

3 

R-16 

2,213 

< 10 

14 

17 

20 

25 

25 

5 

R-1  7 

1 ,285 

<10 

14 

17 

20 

25 

25 

3 

R-1 8 

3,471 

<10 

<10 

10 

15 

20 

25 

3 

R-19 

3,177 

<10 

<10 

<10 

10 

15 

18 

3 

R-20 

4,187 

<10 

<10 

10 

12 

15 

20 

3 

R-21 

532 

<10 

<10 

10 

15 

20 

25 

R-22 

2,185 

<10 

<10 

10 

15 

20 

25 

3 

*Note:  1 = Combined 

2 = Separate 

3 = Natural  Channel 


<1 


APPHNDIX  C (Cont'd.) 

URAINAGH  AREAS  PLRCHNT  IMrHRVlOUSN'MSS  BY  L)F:CADi: 
ROCKY  RIVHR  IVATliRSlIKU 


Area  Designation 

Area 

(Acres) 

1970 

1980 

1990 

2000 

2010 

2020 

R-23 

5,197 

CIO 

<10 

10 

15 

17 

20 

3 

R-24 

3, 140 

<10 

<10 

10 

15 

20 

25 

5 

R-25 

3,155 

<10 

<10 

< 10 

10 

15 

18 

5 

R-26 

762 

<10 

< 10 

< 10 

10 

12 

15 

3 

R-27 

2,480 

<10 

<10 

10 

15 

17 

20 

3 

R-28 

8, 145 

<10 

<10 

10 

15 

20 

25 

3 

R-29 

2,553 

<10 

< 10 

<10 

10 

12 

15 

3 

R-30 

1,423 

<10 

<10 

<10 

10 

12 

15 

3 

R-31 

780 

<10 

<10 

< 10 

10 

15 

20 

5 

R-32 

313 

<10 

<10 

10 

15 

20 

■)  -> 

3 

R-33 

799 

<10 

<10 

<10 

10 

12 

15 

3 

R-34 

1,588 

<10 

10 

15 

20 

T T 

25 

R-35 

2,736 

<10 

10 

15 

20 

T T 

25 

•» 

Total 

94,472 

Acres 

147.61 

Sq.  Mile 

Average  Area 

2,700 

Acres 

l.AKH 

FRIH  IVATFRSliiiD 

ITM 

4,362 

30 

35 

40 

45 

45 

LF.-2 

3,232 

30 

35 

40 

45 

45 

45 

> 

i.i:-3 

5,758 

30 

35 

40 

4 5 

45 

4 5 

- 

Li;-4 

15,444 

17 

25 

30 

35 

40 

45 

3 

i,i:-5 

2 3,. 39  6 

44 

45 

45 

45 

4 5 

15 

I 

4,980 

56 

56 

5() 

5(1 

56 

5i. 

1 

*N'otc:  1 = Comhitu'd 

2 = Separate' 

3 = Natural  Channel 


APP[-:.MDIX  C (Cont'd.J 

DRAINAGH  AR1:AS  PP.RCPNT  IMPI;RViOUSN[:SS  BY  UPCAlJi; 


Area 


L 


LAKP.  i:rih  wat[;rsiii:[) 


Area 


Designation  (Acres) 

1970 

1980 

1990 

2000 

2010 

2020 

*• 

LP-7 

3,958 

47 

47 

50 

50 

50 

50 

1 

LE-8 

2,800 

40 

45 

45 

45 

45 

45 

T 

LE-9 

3,398 

25 

30 

35 

35 

35 

35 

LE-10 

5,115 

15 

18 

20 

25 

30 

30 

•> 

LE-11 

5,298 

<10 

10 

12 

15 

18 

20 

■) 

Total 

77,741 

Acres 

121.47 

Sq . Mile 

Average 

Area  7,067 

Acres 

CUYAHOGA 

RIVER 

WATERSHED 

CU-1 

2 472 

49 

49 

50 

50 

50 

50 

1 

CU-2 

4,684 

47 

47 

50 

50 

50 

50 

1 

CU-3 

3,562 

40 

40 

45 

45 

45 

45 

1 

CU-4 

23,770 

29 

35 

37 

40 

45 

45 

CU-5 

12,654 

31 

35 

37 

40 

45 

45 

1 

CU-6 

3,995 

12 

17 

25 

30 

35 

35 

CU-7 

4,527 

<10 

10 

15 

20 

25 

30 

3 

CU-8 

8,870 

15 

17 

25 

30 

30 

3 

CU-9 

1 ,698 

<10 

<10 

<10 

10 

12 

15 

3 

CU-  10 

1,846 

<10 

<10 

10 

12 

15 

20 

3 

CU-  11 

2,370 

20 

23 

25 

30 

35 

35 

- 

CU-12 

340 

20 

23 

25 

30 

.35 

.35 

- 

CU-13 

4,500 

<10 

10 

15 

20 

25 

30 

■> 

CU-14 

3,425 

< 10 

14 

1 7 

20 

25 

J5 

3 

CU-15 

652 

<10 

<10 

10 

15 

20 

20 

3 

'Note: 

1 = Combined 

2 = .Separate 

3 = Natiir.il  Channel 

appi-n'dix  c (Coin'd.) 

DRAl.NACP.  AR1;AS  PPRCP.NT  IMPPRVIOUSNESS  IsY  UPCAUI. 


cuY.AiiocA  ri\y;r  katp:rsiii;d 


Area  Designation 

Area 

(Acres) 

19  70 

19  80 

CU-lt. 

1,791 

<10 

10 

CU-17 

1,368 

<10 

10 

CU-18 

551 

<10 

10 

CU-19 

5,730 

< 10 

<10 

CU-20 

1 ,515 

< 10 

14 

CU-21 

2,05  7 

<10 

<10 

CU-22 

1,386 

< 10 

<10 

CU-23 

1,240 

<10 

10 

CU-24 

3,388 

<10 

10 

CU-25 

4,472 

<10 

10 

CU-26 

1,221 

<10 

10 

CU-27 

2,874 

<10 

10 

CU-2  8 

1 ,634 

<10 

<10 

CU-29 

5,914 

<10 

<10 

CU-  .30 

1,974 

<10 

<10 

CU-31 

1,586 

<10 

<10 

CU-32 

2,020 

<10 

<10 

CU-33 

1,230 

< 10 

10 

CU-34 

2,507 

<10 

<10 

CU-3.S 

11,175 

<10 

< 10 

CU-36 

3 , 1 86 

< 10 

<10 

CD- 37 

3,039 

< 10 

<10 

CU-38 

2,121 

<10 

<10 

CU-  39 

3,884 

< 10 

<10 

'Note; 

1 = 
_ 

3 - 

Comb i nod 
Sepa rate 
Natural  Channo; 

1 

1990 

2000 

2010 

2020 

y- 

15 

20 

25 

25 

3 

15 

17 

23 

25 

5 

15 

20 

25 

30 

3 

10 

15 

20 

25 

3 

17 

20 

25 

25 

3 

10 

12 

15 

18 

3 

10 

12 

15 

18 

3 

10 

15 

20 

3 

15 

20 

25 

25 

3 

15 

20 

25 

25 

3 

15 

17 

23 

25 

3 

15 

20 

25 

25 

10 

12 

15 

17 

3 

<10 

10 

12 

15 

3 

<10 

10 

12 

15 

3 

<10 

10 

12 

15 

3 

10 

15 

20 

20 

3 

15 

20 

25 

25 

3 

<10 

10 

15 

IS 

3 

10 

12 

15 

1" 

3 

<10 

10 

12 

15 

3 

CIO 

10 

12 

15 

3 

<10 

10 

12 

15 

3 

10 

12 

15 

1 ■ 

3 

1 


APPENDIX  C (Cont'd.) 

DRAINAGE  AREAS  PliRCENT  IMPPdU'lOUSNliSS  BY  DEXADE 


CUV.MIOGA 

RIVE.R 

KATliRSilED 

Area  Designation 

Area 

(Acres) 

1970 

1980 

1990 

2000 

2010 

2020 

■k 

CU-40 

863 

<10 

<10 

<10 

10 

1 2 

15 

5 

CU-41 

1,130 

<10 

<10 

<10 

10 

12 

15 

5 

CU-42 

1,525 

<10 

<10 

10 

10 

12 

15 

5 

CU-45 

3,765 

<10 

<10 

<10 

<10 

10 

10 

5 

CU-44 

3,094 

<10 

<10 

10 

12 

14 

15 

5 

CU-45 

3,976 

< 10 

<10 

10 

12 

14 

15 

5 

CU-46 

1,616 

<10 

<10 

10 

15 

17 

20 

5 

CU-47 

7,833 

<10 

<10 

10 

15 

17 

20 

5 

CU-48 

1,625 

25 

27 

30 

35 

55 

55 

"> 

CU-49 

1,304 

< 10 

10 

17 

25 

30 

55 

5 

CU-50 

8,228 

<10 

10 

12 

15 

20 

25 

5 

CU-51 

5,492 

10 

IS 

17 

20 

25 

30 

*) 

CU-52 

1,882 

<10 

10 

15 

25 

25 

30 

5 

CU-53 

3,719 

15 

20 

25 

50 

55 

40 

"> 

CU-54 

3,526 

18 

20 

25 

30 

30 

30 

5 

CU-55 

1 ,900 

40 

42 

45 

47 

50 

50 

- 

CU-56 

2,800 

20 

25 

30 

40 

45 

45 

CU-57 

1,965 

< 10 

<10 

12 

20 

25 

30 

5 

CU-58 

7,906 

< 10 

<10 

10 

12 

15 

17 

5 

CU-59 

2,249 

40 

45 

50 

50 

50 

50 

CU-60 

2,534 

45 

50 

50 

50 

50 

50 

1 

CU-Ol 

3,223 

30 

35 

40 

45 

45 

45 

1 

CU-62 

3,150 

15 

23 

32 

40 

40 

10 

- 

CU-03 

1 ,423 

55 

5 7 

40 

45 

45 

45 

j 

*Note:  1 = Combined 

2 = Separate 

3 = Natural  Channel 


APPHN'DIX  C fCoiit'd.j 


i 

L 


drain'agp:  arpas  pi;rcp..\t  imphrviousnh.ss  by  dpc.xdp 
cuY/MioGA  RiviiR  wati;r.shi:[) 

Area 


Area  Designation 

(Acres) 

1970 

1980 

1990 

2000 

2010 

2020 

* 

CU-64 

3,324 

50 

50 

50 

50 

50 

50 

1 

CU-65 

66  1 

45 

50 

50 

50 

50 

50 

1 

CU-66 

5,085 

15 

2 3 

32 

40 

40 

40 

2 

CU-67 

2,608 

<10 

10 

15 

20 

25 

30 

3 

CU-68 

1 ,905 

50 

50 

50 

50 

50 

50 

*> 

CU-69 

1 ,914 

15 

20 

25 

35 

35 

35 

CU-70 

6,327 

20 

25 

30 

35 

40 

45 

CU-71 

2,681 

< 10 

10 

12 

15 

17 

20 

3 

CU-73 

1 ,056 

<10 

<10 

<J0 

10 

12 

15 

5 

CU-74 

1,864 

<10 

<10 

<10 

10 

12 

15 

3 

CU-75 

2 , 6b3 

<10 

<10 

<10 

10 

12 

15 

5 

CU-76 

8T2 

< 10 

<10 

<10 

10 

12 

15 

3 

CU-77 

2,000 

<10 

<10 

<10 

10 

12 

15 

3 

CU-78 

3,250 

< 10 

<10 

< 10 

10 

12 

15 

■) 

CU-79 

1 , 360 

<10 

<10 

<10 

10 

12 

15 

5 

CU-81 

486 

<10 

<10 

<10 

10 

12 

15 

3 

CU-82 

551 

<10 

<10 

<10 

10 

12 

15 

3 

CU-83 

835 

< 10 

10 

12 

15 

20 

•“ 

- 

3 

CU-84 

677 

< 10 

10 

12 

15 

20 

25 

3 

Total 

262,175 

409 

Acres 
Sq.  Miles 

Average  Area 

3,197 

Acre 

s 

'Note:  1 = Gombined 

2 = Separate 
5 = Natural  Channel 


APPENDIX  C (Cont'd.) 


? 


DRAINAGi:  ARPiAS  PPRCPN'T  IMPPRVIOUSXhSS  BY  DliCAUL 
CHAGRIN’  RIVPR  tVATRRSHPD 

Area 


Area  Designation 

(Acres) 

1970 

1980 

1990 

2000 

2010 

2020 

CllN-1 

2.070 

20 

23 

27 

30 

35 

35 

CllN-2 

7,140 

10 

15 

20 

25 

30 

35 

5 

Cl  IN -3 

3,310 

<10 

10 

15 

25 

25 

25 

*) 

CHN-4 

1,360 

<10 

<10 

10 

15 

20 

25 

3 

CHN-5 

2,460 

<10 

<10 

<10 

10 

IS 

18 

3 

CHN-6 

2,440 

<10 

CIO 

10 

15 

20 

25 

5 

CHN-7 

690 

<10 

<10 

10 

15 

20 

20 

3 

CHN-8 

1,110 

<10 

<10 

10 

10 

15 

15 

3 

CllN-9 

1,440 

< 10 

<10 

10 

15 

20 

25 

5 

Cl  IN- 10 

3,130 

10 

15 

20 

25 

25 

25 

3 

CllN-1 1 

3 , 750 

<10 

<10 

<10 

10 

12 

15 

3 

CllN-12 

1,590 

< 10 

<10 

<10 

10 

15 

17 

3 

CllN-13 

2,440 

<10 

< 10 

10 

13 

r 

20 

3 

Cl  IN- 16 

1 ,600 

<10 

< 10 

10 

12 

15 

18 

5 

Cl  IN-  17 

1 , 330 

<10 

< 10 

10 

12 

15 

18 

3 

CllN-18 

640 

< 10 

< 10 

<10 

10 

12 

13 

3 

Cl  IN- 19 

710 

<10 

<10 

<10 

10 

12 

15 

5 

Cl  IN -20 

690 

<10 

<10 

< 10 

10 

12 

15 

3 

Cl  IN- 21 

460 

<10 

<10 

< 10 

10 

12 

15 

3 

Cl  IN -22 

740 

< 10 

< 10 

<10 

10 

12 

15 

3 

CHN-23 

1,230 

<10 

10 

10 

15 

20 

25 

•> 

Cl  IN -2  4 

2,760 

< 10 

<10 

< 10 

10 

12 

13 

3 

CHN-23 

2,  100 

< 10 

<10 

<10 

10 

12 

13 

3 

Cl  IN- 26 

1 ,910 

< 10 

< 10 

< 10 

10 

15 

20 

- 

GIN- 27 

2,6"0 

< 10 

< 10 

10 

13 

20 

3 

*Note:  I = Combined 

2 = Separate 

3 = Natural  Channel 


■ 


Des i gnat i on 

Area 
(Acres  J 

J_9~£ 

19  80 

1990 

2000 

2010 

2020 

C11\-2S 

2 , 150 

CIO 

CIO 

CIO 

10 

12 

15 

3 

Cl  IN -29 

660 

< 10 

CIO 

CIO 

10 

12 

15 

5 

Cl  IN -50 

1 ,070 

CIO 

CIO 

MO 

10 

12 

15 

5 

CllN-51 

1,580 

CLIO 

CIO 

C.10 

10 

12 

15 

3 

Cl  IN- 5 2 

890 

CIO 

C-IO 

10 

15 

20 

25 

3 

Cl  IN- 53 

910 

CIO 

CIO 

CIO 

10 

12 

15 

3 

Cl  IN- 34 

770 

CIO 

CIO 

CIO 

10 

12 

15 

3 

Cl  IN -55 

1,540 

CIO 

CIO 

10 

12 

15 

20 

Cl  IN  - 56 

2,520 

CIO 

CIO 

^10 

10 

12 

15 

3 

Total  61,960  Acres 

96  Sq . Miles 

Average  Area  1,822  Acres 


APPEND IX  D 


one:  yhar  storm  hydrogiuphs  .and  loads 


This  appendix  has  not  been  included  because  of  its  size.  It  will  he 


available  to  interested  parties.  The  original  will  be  included  witii  the 
submission  of  reports  to  the  Buffalo  District,  Corjxs  of  l.'nj^inecrs . 


APPn.N'Dix  i; 


SUPPLP^fl-:^'TAL  DATA 

In  the  development  of  the  stormwater  alternatives,  it  became  necessan' 
to  consider  treatment  of  the  5,  10  and  100  \ ear  storm.  Therefore,  tiic  com- 
puter program  was  used  to  generate  the  unit  hydrographs  for  these  stomis 
for  each  of  the  162  drainage  districts. 

This  information  was  not  reproduced  due  to  the  massiveness  of  tlie  data 
and  the  fact  that  the  1 year  storm  was  chosen  for  design  purposes.  Tlie 
1 year  storm  data  is  presented  in  Appendix  1)  of  this  phase  report. 


